Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



c 






.ks^ 



^ 



f 



^ 



/vO 



PROCEEDINGS 



OF 




THE AMEEICAN ASSOCIATION 



FOB THE 



ADVANCEMENT OF SCIENCE, 



TWENTY-SEVENTH MEETING, 



HSLD AT 



ST. LOUIS, MISSOURI, 



AUGUST, 1878. 



SALEM : 
PUBLISHED BY THE PERMANENT SECRETARY. 

1879. 



EDITED BY 

Frederick W. Putnam, 

Permanent Secretary, 



PBIMTED AT 

THE SALEM PRESS, 

SALEM, MASS. 



TABLE OF CONTENTS. 



PAOB 

Officers of the St. Lonis Meeting yi 

Officers of the Sections, St. Loais Meeting Til 

Local Committee of St. Louis Meeting viii 

Special Committees of the Association ix 

Officers for the Saratoga Meeting zl 

Local Committee for Saratoga Meeting xil 

Meetings of the Association of American Geologists and Naturalists . . zlii 

Meetings of the Association ziv 

Act of Incorporation zyI 

Constitution of the Association xvii 

Order of Proceedings in Organizing a Meeting xxv 

Members of the Association : 

Patron xxri 

Members xxvi 

Fellows xlil 

Deceased Members 11 



Address of the Retiring President, Simon Newgomb 



Rbpobt of the Commutes appointed to Memobiauzb Congress and 
State Leoislatubeb reoabdino the Cultivation of Timbeb and 

THE PBESERVATION OF FORESTS 29 



SECTION A. MATHEMATICS, PHYSICS, AND CHEMISTRY. 

Address of Robert H. Thurston, Vice President 43 

(lU) 



c-, 







a ■ 



c^, 




.ASH 



li e_u:_ , 



LOCAL COMMITTEE 



OF THB 



ST. LOUIS MEETING. 



Chairman: — Chancellor W. G. Eliot. 

Treasurer : ^ Judge Charles Speck. 

Secretafy: — Prof. John K. Bees. 

Subcommittees. 

deception: — Hon. Thomas Allen, Chairman; Henry Hitchcock, Mayor 
Overstolz, James B. Eads, Theodore Meier, Thomas Richeson, Judge 
Samuel Treat, Wm. T. Harris, Dr. J. B. Johnson, Gen. J. H. Simpson, 
Gerard B. Allen, Dr. C. W. Stevens, Albert Todd, Dr. Geo. Engelmann, 
J. B. Sheplej, James E. Yeatman, George D. Hall, Dr. E. S. Lemoine, 
B. M. Scruggs, Gen. J. W. Turner, Judge Nathaniel Holmes, James O. 
Broadhead, John T. Davis, M. Dvtright Collier, Capt. Silas "Bent, Moses 
Fraley, Charles Parsons, Rev. J. C. Learned, Henry Shaw, Dr. Leet, 
Edwin Harrison, Dr. S. H. Sonnescheln^ J. E. Cummings, Wm. Glasgow, 
Jr., Erastus Wells, John B. Maude, Julius S. Walsh, Be v. Dr. NiccoUs, 
Nathan Cole, M. J. Lippman, Bev. Dr. M. Schuyler, Judge H. M. Jones, 
Morris Bosenhelm, D. B. Garrison, S. M. Dodd, Judge Lindley, Prof. W. 
B. Potter, Hon. Enos Clarke, Prof. F. E. Nipher, A. ^rieckhaus. 

Finance: — Judge Charles Speck, Chairman; George Bain, E. O. 
Stanard, B. M. Scruggs, Thomas E. Tutt, M. Fraley, John B. Maude, 
Charles Barstow, S. H. Laflin, Auguste Frank, George J. Engelmann, 
Begis Chauvenet, William J. Lemp, Dr. W. C. Glasgow, John N. Dyer, 
Adolph Busch, Wm. M. Senter, Wm. P. Shryock. 

Excursions and Entertainments: — Geo. Bain, Chairman; E. T. Allen, 
E. A. Hitchcock, Eben Bichards, John A. Scudder, D. E. Ferguson, Bev. 
John Snyder, C. P. Johnson, Isidor Busch, A. J. Conant. 

Bailroads : — Wm. Taussig, Chairman ; John E. Simpson, C. W. Bradley, 
William Duncan, John J. Mitchell, C. C. Cobb, A. W. Soper, George H. 
Heafford, James F. Howe, B. P. Tansey. 

Printing: — Enno Sander, Chairman; William Hyde,«D. M. Houser, 
B. M. Chambers, John A. Dillon, Carl Daenzer, E. Preetorius, A. E. 
Levison, B. P. Studley. 

Telegraph and Jfai7:— Chauncey I. Fillet, Chairman; Colonel B. C. 
dowry. 

Microscopes : -^jyt, George J. Engelmann, Chairman; Dr. J. Green, 
Dr. A. Litton, Dr. G. Hambach. 

Arrangements: — W. H. Pulsifer, Chairman; Prof. W. B. Potter, E. C. 
Simmons, F. A. Churchill. 
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SPECIAL COMMITTEES. 



A. COMftnTTEBS C0NTINT7ED FROM FORMER MEETINGS. 



1. Permanent Committee on Weights, Measures and Coinage, 



F. A. P. Barnard, of New York, 
WoLCOTT GiBBS, of Cambridge, 
B. A. Gould, of Boston, 
J. E. HiLGARD, of Washington, 
John LeContb, of Oakland. 



H. A. Newton, of New Haven, 
Benjamin Feirce, of Cambridge, 
William B. Rogers, of Boston, 
J. Lawrence Smith, of Louisville, 
E. B. Elliott, of Washington. 



2. Committee to Memorialize the Legislature of New York for a New 

Survey of Niagara Falls, 



F. A. P. Barnard, of New York, 
Charles P. Daly, of New York, 



James Hall, of Albany, 

G. W. HoLLEY, of Niagara Falls. 



3. Committee to Memorialize Congress and State Legislatures regarding 
the Cultivation of Timber, and the JPreservation of Forests, 



F. B. Hough, of Lowville, 
Asa Gray, of Cambridge, 

G. B. Emerson, of Boston, 

J. D. Whitney, of Cambridge, 



J. S. Newberry, of Cleveland, 
L. H. Morgan, of Rochester, 
Chas. Whittlesey, of Cleveland, 
W. H. Brewer, of New Haven, 



E. W. HiLGARD, of Berkeley. 



4. Committee on International Congress of Geologists, 

William B. Rogers, of Boston; James Hall, of Albany; J. W. 
Dawson, of Montreal; J. S, Newberry, of New York; T. Sterry 
Hunt, of Montreal ; C. H. Hitchcock, of Hanover ; Raphael Pumpelly, 
of Owego ; J. P. Lesley, of Philadelphia ; in connection with Dr. Otto 
ToRRELL, of Stockholm ; Dr. E. H. von Baumhauer, of Haarlem ; Prof. 
T. H. Huxley, of London; Prof. A. C. Ramsay, of London; and the 
Presidents of the Geological Societies of France, London, Edinburgh, Dub- 
lin, Berlin, Belgium, Italy, Spain, Portugal, and the Imperial Geological 
Institute of Vienna. 
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SPECIAL COMMITTEES. 



5. Committee to Memorialize Congress in relation to the Tellotostone 

National Park, 

T. B. CoMSTOCK, of Ithaca ; O. C. Marsh, of New Haven ; George M. 
WheblEr, of Washington; J. W. Powell, of Washington; Clarence 
King, of New York. 

6. Committee on the Introduction of Science into the Schools. 

J. D. RuNKLE, of Boston; A. R. Grote, of Buffalo; N. S. Shaler, of 
Cambridge ; J. W. Powell, of Washington ; N. T. Lupton, of Nashville ; 
E. W. HiLGARD, of Berkeley ; George Little, of Atlanta. 

7. Committee on the Belation of Science to the Industrial Arts. 

R. H. Thurston, of Hoboken; J. M. Safpord, of Nashville; J. T. 
Wilder, of Chattanooga ; O. Chaxute, of New York ; J. W. Osborne, 
of Washington, D. C. 

8. Committee to Memorialize Congress in relation to Meteorological 

Researches. 

Elias Loomis, of New Haven ; N. S. Shaler, of Cambridge ; G. HiN- 
RiCHS, of Iowa City ; J. B. Killebrew, of Nashville ; J. W. Osborne, of 
Washington. 

B. NEW committees. 

1. Committee to obtain Permanent Funds for the Associationy and to advise 
with Treasurer and Permanent Secretary on financial matters. 

Wm. B. Rogers, of Boston ; J. Lawrence Smith, of Louisville ; Lewis 
H. Morgan, of Rochester ; Alexander Agassiz, of Cambridge ; Robert 
H. Thurston, of Hoboken. 

2. Committee on Membership. 

J. S. Newberry, of New York; Simon Newcomb, of Washington; 
William B. Rogers, of Boston ; J. D. Dana, of New Haven ; J. Law- 
rence Smith, of Louisville. 

3. Committee to prepare a Eulogy on the late Joseph Henry, 

Simon Newcomb, of Washington ; S. F. Baird, of Washington ; A. M. 
Mayer, of Hoboken. 

4. Committee to Audit the Accounts of the Permanent Secretary and 

Treasurer. 

Henry Wheatland, of Salem; Thomas Meehan, of Philadelphia. 




OFFICERS OF THE ASSOCIATION 



ELECTED FOB THE 



SARATOGA MEETIISTG 



FBESIDENT. 

George F. Barker, of Philadelphia. 

VIC12 FBESIDlIiaTF, Seotion A. 
S. P. Laxgley, of AUeghaDy. 

VICE FBESIDUNT, Section B. 
J. W. Powell, of Washington. 

OHATHMATT OF PEBMANElfT SUBSECTION OF CHEMISTB7. 

Ira Eemsen, of Baltimore. 

CHAIBMAN OF PEBMA-TTEl^rT SUBSECTION OF MICBOSCOP7. 
Edward W. Morley, of Hudson, Ohio. 

PEBMANENT SECBETABT. 
F. W. Putnam, of Cambridge. 

GENEBAIi SECBETABT. 
George Little, of Atlanta. 

SECBETABT OF- SECTION A. 
John E. Rees, of St. Louis. 

SECBETABT OF SECTION B. 
A. G. Wbtherby, of Cinclnnntl. 

TBEASUBEB. 
William S. Vaux, of Philadelphia. 

STANDING COMMITTEE 

Past Presidents, — Benjamin Peirce, of Cambridge; James D. Dana, of 
New Haven ; James Hall, of Albany ; Stephen Alexander, of Princeton ; 
Isaac Lea, of Philadelphia; F. A. P. Barnard, of New York; J. S. 
Newberry, of New York ; B. A. Gould, of Boston ; T. Sterry Hunt, of 
Montreal; Asa Gray, of Cambridge; J. Lawrence Smith, of Louisville; 
Joseph Lovering, of Cambridge ; John L. LeConte, of Philadelphia ; 
J. E. Hilgard, of Washington ; -William B. Kogers, of Boston ; Simon 
Newcomb, of Washington. 

The President^ Vice Presidents^ Secretaries and Treasurer of the Meeting, 

Officers of the Preceding Meeting, — O. C. Marsh, of New Haven ; R. H. 
Thurston, of Hoboken; A. R. Grote, of Buffalo; H. C. Bolton, of 
Hartford; F. B. Nipher, of St. Louis. 

From the Association at large, — Six Fellows to be elected on the first 
day of the meeting. 

(xi) 



LOCAL COMMITTEE 



FOB THE 



SARATOGA MEETING. 



Chairman, 
R. C. McEwKN, M. D. 

Secretary, 
Prof. H. A. Wilson. 

The Chairman and Secretary together with the following Chairmen of 
the several sub-committees constitute the Local 

EXECUTIVE COMMITTEE. 

Chairman of Committee on Reception, 
Gen*l W. B. French. 

Chairman of Committee on Bailroada, 
Hon. James M. Martin. 

Chairman of Committee on Printing, 
C. C. Lester, Esq. 

Chairman of Committee on Finance, 
W, H. EusTis, Esq. 

Chairman of Committee on Booms, 
Hon. Joseph Bancus. 

Chairman of Committee on Mails, Telegraph and Express, 

Capt. B. F. Judson. 



• 



Chairman of Committee on Excursions, 

Commander A. B. McNair. 
(xii) 
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HEETINGS. XV 

MEETINGS AND OFFICERS OF THE ASSOCIATION (ConMnuai). 



Aog. 83, 1878, 
Ang. 29, 1B77, 
Aog. 31, 1878. 



Detroit, Mlcb., 
BDlTala, K. Y., 
N&shriUe, Tenn., 
St. Louis, Uo. 



J. E. Hil^ard, 
WiUtam B. Sogers 



H. A. Newton, 
Charles A. Toang, 



"?=-;"• 


'Sh™8™y°' 


A^THRS^^i. 


mc^SJr!* 


Edward S. Morae, 
O. C. UaiBh, 
Aag.K.Gtole. 


Georse F. Barker, 

N.T.Lnpton, 

F.W.Clarke. 


J.. H. Morgan, 
L. H. Morgan, 
Daniel WllBon,» 


E. H. Ward. 
R. H. Ward, 
R.H.Ward.' 



COMMONWEALTH OP MASSACHUSETTS. 



IN THE TEAR ONE THOUSAND EIGHT HUNDRED AND SEYENTI-FOUB. 



AN ACT 

To Incobfobate the '' American Association for the 

Advancement op Science." 

Be it enacted by the Senate and House of Bepresentatives, in General Court 
assembled, and by the authority of the same, as follows : 

Section 1. Joseph Henry of Washington, Benjamin Pierce of Cam- 
bridge, James D. Dana of New Haven, James Hall of Albany, Alexis 
Caswell of Providence, Stephen Alexander of Princeton, Isaac Lea of 
Philadelphia, F. A. P. Barnard of New York, John S. Newberry of Cleve- 
land, B. A. Gould of Cambridge, T. Sterry Hunt of Boston, Asa Gray of 
Cambridge, J. Lawrence Smith of Louisville, Joseph Lovering of Cam- 
bridge and John LeConte of Philadelphia, their associates, the officers 
and members of. the Association, known as the "American Association 
for the Advancement of Science," and their successors, are hereby made 
a corporation by the name of the " American Association for the 
Advancement of Science," for the purpose of receiving, purchasing, 
holding and conveying real and personal property, which it now is, or 
hereafter may be possessed of, with all the powers and privileges, and 
subject to the restrictions, duties and liabilities set forth in the general 
laws which now or hereafter may be in force and applicable to such cor- 
porations. 

Section 2. Said corporation may have and hold by purchase, grant, 
gift or otherwise, real estate not exceeding one hundred thousand 
dollars in value, and personal estate of the value of two hundred and 
fifty thousand dollars. 

Section 8. Any two of the corporators above named are hereby 
authorized to call the first meeting of the said corporation in the month 
of August next ensuing, by notice thereof <*by mail," to each member of 
the said Association. 

Section 4. This act shall take effect npon its passage. 

House of Representatives, March 10, 1874. 

Passed to be enacted, 

John E. Sanford, Speaker. 
In Senate, March 17, 1874. 

Passed to be enacted, March 19, 1874. 

Geo. B. Loring, President. Approved, 

W. B. Washburn. 
Secretary's Department, 

Boston, April 3, 1874. 

A true copy, Attest: 

David Pulsifer, 

Deputy Secretary of the Commonwealth. 

(xvl) 



CONSTITTJTIOF 

OF THE 

AMEKIOAN ASSOCIATION lOR THE ADVANCEIKNT 
or SCIElfCE. 

Ineoiponted brAetof tbeOenendCoortof theCommonwMiaiorUMMMdnuM*. 

Objects. 
Articls I. The ol^ecte of the Aasociatlon are, by periodical &nd mi- 
gratory meetlngB, to promote Intercourse between those who are ctilU* 
T&tlDg science In difiterent parta of America, to give a stronger and more 
general Impnlse and more systematic direction to sclentlBc researcb, and 
to procure for the labors of sclentlflc men Increased facilities and a wider 
osellilness. 

Members, Feixowb, Patbokb Ana HoMoiuaT Peixowb. 

Abt. 2. The Association shall consist of Members, Fellows, Patrons 
and Honorary Fellows. 

Art, 8. Any person may become a Member of the Association tipon 
racommendatlon In writing by two members oi fbllows, nomlnatlOD by 
the Standing Committee, and election by a m^ority of the members and 
Allows present in genera] session. 

AxT. 4. Fellows shall be nominated by the Standing Committee ftom 
■nch of the members as are professionally engaged In science, or hare by 
their labors aided In advancing science. The election of fallows shall bo 
br ballot and a maloritr rote of the members and fellows present In gen- 
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Art. 6. Honorary Fellows of the Association, to the number of ten for 
each sectioDi may be elected; the nominations to be made by the Stand- 
ing Committee and approved by ballot in the respective sections before 
election by ballot in general session. Honorary Fellows shall be entitled 
to all the privileges of fellows and shall be exempt from all fees and as- 
sessments, and entitled to all publications of the Association issued after 
the date of their election. 

Art. 7. The name of any member or fellow two years in arrears fo^ 
annual dues shall be erased ftom the list of the Association, provided that 
two notices of indebtedness, at an interval of at least three months, shall 
have been given ; and no such person shall be restored until he has paid 
his arrearages or has been reelected. 

Art. 8. No member or fellow shall take part in the organization or 
business of both sections at the same meeting. 

Officers. 

Art. 9. The Officers of the Association shall be elected by ballot in 
general session ftrom the fellows and shall consist- of a President, two 
Vice Presidents, a General Secretary, a Permanent Secretary, a Treas- 
urer, a Secretary of Section A, and a Secretary of Section B ; these, with 
the exception of the Permanent Secretary, shall be elected at each meet- 
ing for the following one, and, with the exception of the Treasurer and 
the Permanent Secretary, shall not be reSllgible for the next two meet- 
ings. The Permanent Secretary shall be elected at each fifth meeting. 

Art. 10. The President, or, in his absence, one of the Vice Presidents, 
shall preside at all general sessions of the Association and at all meetings 
of the Standing Committee. It shall also be the daty of the President to 
give an address at a general session of the Association at the meeting 
following that over which he presided. 

Art. 11. The Vice Presidents shall be the presiding officers of Sections 
A and B, and of the Sectional Committees, and it shall be part of their 
duty to give an address, each before his respective section, at such time 
as the section shall determine. The Vice Presidents may request their 
respective sections to appoint temporary chairmen to preside over the 
sessions of the sections, but shall not delegate their other duties. 

Art. 12. The General Secretary shall be the Secretary of all general 
sessions of the Association, and of all sessions of the Standing Com* 
vuittee, and shall keep a record of the business of these sessions. He 
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shall receive the records from the Secretaries of the Sections, which, 
alter examination, he shall transmit with his own records to the Perma- 
nent Secretary within two weeks after the adjournment of the meeting. 
He shall receive proposals for membership and bring, them before the 
Standing Committee. He shall give to the Secretary of each Section the 
list of papers assigned to it by the Standing Committee. 

Art. 13. The Permanent Secretary shall be the executive officer of the 
Association under the direction of the Standing Committee. He shall 
attend to all business not specially referred to committees nor otherwise 
constitutionally provided for. He shall keep an account of all business 
that he has transacted for the Association, and make annually at the first 
meeting of the Standing Committee, a report which shall be laid before 
the Association. He shall attend to the printing and distribution of the 
annual volume of Proceedings, and all other printing ordered by the As- 
sociation. He shall issue a circular of information to members and 
fellows at least four months before each meeting, and shall, in connection 
with the Local Committee, make all necessary arrangements for the 
meetings of the Association. He shall provide the Secretaries of the 
Association with such books and stationery as may be required for their 
records and business, and shall provide members and fellows with such 
blank forms as may be required for facilitating the business of the Asso- 
ciation. He shall collect all assessments and admission fees, and notify 
members and fellows of their election, and of any arrearages. He shall 
receive, and bring before the Standing Committee, the titles and abstracts 
of papers proposed to be read before the Association. He shall keep an 
account of all receipts and expenditures of the Association, and report 
the same annually at the first meeting of the Standing Committee, and, 
at the close of each year, shall pay over to the Treasurer such unexpended 
itinds as the Standing Committee may direct. He shall receive and hold 
in trust for the Association all books, pamphlets and manuscripts be- 
longing to the Association, and allow the use of the same under the pro- 
visions of the Constitution and the orders of the Standing Committee. 
He shall receive all communications addressed to the Association during 
the Interval between meetings, and properly attend to the same. He 
shall at each meeting report the names of felk>ws and members who 
have died since the preceding meeting. He shall be allowed a salary 
which shall be determined by the Standing Committee, and may employ a 
clerk at such compensation as may be agreed npon by the Standing Com- 
mittee. 



CONSTITUTION 

Art. 14. The Trdasarer shtll invest the fnnds Tecelred by him in snch 
seciirities as may be directed by the Standing Committee. He shall 
annually present to the Standing Committee an account of the ftmds in 
his charge. No expenditnre of the principal In the hands of the Treas- 
urer shall be made without a unanimous vote of the Standing Committee, 
and no expenditure of the Income received by the Treasurer shall be 
made without a two-thirds vote of the Standing Committee. 

Art. 15. The Secretaries of Sections A and B shall keep the records 
of their respective sections, and, at the close of the meeting, give the 
same, including the records of subsections, to the General Secretary. 
They shall also be the secretaries of the sectional committees. 

Art. 16. In case of a vacancy in the office of the President, one of the 
Vice Presidents shall be elected by the Standing Committee as the Presi- 
dent of the meeting. Vacancies in the offices of Vice President, General 
Secretary, Permanent Secretary and Treasurer, shall be filled by nomina- 
tion of the Standing Committee and election by ballot in general session. 
A vacancy in the office of Secretary of a Section shall be filled by nomi- 
nation and election by ballot in the section. 

Art. 17. The Standing Committee shall consist of the past Presidents, 
the President, the Vice Presidents, the four Secretaries, the Treasurer, 
with the above named officers of the preceding meeting, and six fellows 
elected by ballot after open nomination at the first general session. The 
members present at auy regularly called meeting of the Committee, pror 
vided there are at least five, shall form a quorum for the transaction of 
business. The Standing Committee shall meet on the day preceding 
each annual meeting of the Association, and arrange the programme for 
the first day of the sessions. The time and place of this first meeting 
shall be designated by the Permanent Secretary. Unless otherwise agreed 
upon, regular meetings of the Committee shall be held in the com- 
mittee room at 9 o'clock, ▲.]£., on each day of the meeting of the Asso- 
ciation. Special meetings of the Committee may be called at any time 
by the President. The Standing Committee shall be the board of super- 
vision of the Association, and no business shall be transacted by the 
Association that has not first been referred to, or originated with, the 
Committee. The special business of the Committee shall be : to receive 
and assign papers to the respective sections ; to examine and, if neces- 
sary, to exclude papers ; to decide which papers, discussions and other 
proceedings shall be published, and to have the general direction of 
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the pnblieations of tihe Association; to maimge the floancial aflbirs of the 
Association; to arrange the business and programmes for general ses- 
sions ; to appoint general sessions for the eveniog ; to suggest subjects 
for discussion, investigation or reports; to nominate members and 
fellows ; to receive and act upon all invitations extended to the Associa- 
tion and report the same at a general session of the Association. 

Art. 18. The Nominating Committee shall consist of the Standing 
Committee, and four members or fellows elected by each of the 
sections. It shall be the duty of this Committee to meet at the call of 
the President and noipinate the general officers for the following meeting 
of the Association. It shall also be the duty of this Committee to rec 
ommend the time and place for the next meeting. The Vice Presidents 
and Secretaries of the Sections shall be recommended to the Nominating 
Committee by sub-committees consisting of the Vice Presidents and 
Secretaries, and the four persons elected by each section under the first 
clause of this article. 

Meetings. 

Art. 19. The Association shall hold public meetings annually, for one 
week or longer, at such time and place as may be determined by vote of 
the Association, and the preliminary arrangements for each meeting 
shall be made by the Local Committee; in conjunction with the Perma- 
' nent Secretary and such other persons as the Standing Committee may 
designate. 

Art. 20. General Sessions shall be held at 10 o'clock, a. m., unless 
otherwise ordered, on every day of the meeting, Sunday excepted, and 
at such other times as may be appointed by the Standing Committee. 

Sections and Subsections. 

Art. 21. The Association shall be divided into two Sections, namely : 
A (^Mathematics, Astronomy, Physics, Chemistry and Mineralogy) and B 
(Geology, Zoology, Botany and Anthropology). Either Section may, at 
its pleasure, form temporary or permanent subsections for the reading of 
papers. 

Art. 22. Immediately on the organization of a Section there shall be 
three fellows elected by ballot after open nomination, who, with the 
Vice President and Secretary, and the Chairman and Secretary of the 
subsections, shaU fona Un ftMlipnal Committee. The Sectional Com- 
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mittees shall have power to fill vacancies in their own nnmbers. There 
shall be no sectional meeting during a general session. 

Art. 23. When any Subsection organizes, it shall elect a Chairman and 
Secretary and report the resalt to the Secretary of its Section. The Sec- 
retary of a Subsection shall, at the close of the meeting, transmit his 
records to the Secretary of the Section. Any Permanent Subsection may 
elect its Chairman for the ensuing meeting. 

Art. 24. No paper shall be read in any Section or Subsection until it has 
been placed on the programme of the day by the Sectional Committees. 

Sectional Committees. 

Art. 25. The Sectional Committees shall arrange and direct the busi- 
ness of their respective sections. They shall prepare the daily pro- 
grammes and give them to the Permanent Secretary for printing at the 
earliest moment practicable. No titles of papers shall be entered on the 
daily programmes except such as have passed the Standing Committee. 
No change shall be made in the programme for the day without the 
consent of the Sectional Committee. The Sectional Committees may re- 
vise to place the title of any paper on the programme ; but every such 
title, with the abstract of the paper or the paper itself must be returned 
to the Standing Committee with the reasons why it was refbsed. 

Art. 26. The Sectional Committees shall examine all papers and ab- 
stracts referred to the sections, and they shall not place on the pro- 
gramme any paper inconsistent with the character of the Association; 
and to this end they have power to call for any paper, the character of 
which may not be sufficiently understood from the abstract submitted. 

Papers and Communications. 

Art. 27. All members and fellows must forward to the Permanent 
Secretary, as early as possible, and when practicable before the conven- 
ing of the Association, full titles of all the papers which they propose to 
present during the meeting, with a statement of the time that each will 
occupy in delivery, and also such abstracts of their contents as will give 
a general idea of their nature; and no title shall be referred by the 
Standing Committee to the Sectional Committee until an abstract of the 
paper or the paper itself has been received. 

Art. 28. If the author of any paper be not ready at the time assigned, 
the title may be dropped to the bottom of the list. 
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Reports of Mebtikos. 

Art. 29. Wheneyer practicable, the proceedings and discussions at 
general sessions, sections and subsections shall be reported by profes- 
sional reporters, but such reports shall not appear in print as the official 
reports of the Association unless revised by the secretaries. 

Printed Frocebdikos. 

Art. 80. The Permanent Secretary shall have the Proceedings of each 
meeting printed in an octavo volume as soon after the meeting as possible, 
beginning one month after adjournment. Authors must prepare their 
papers ready for the press and forward them to the Permanent Secretary 
within this interval, otherwise only the abstracts or titles will appear in 
the printed volumes. The Standing Committee shall have power to print 
an abstract only of any paper. Whenever practicable, proofls shall be 
forwarded to authors for revision. If any additions or substantial alter- 
ations are made by the author of a paper after its submission to the 
Secretary, the same shall be distinctly indicated. Illustrations must be 
provided for by the authors of the papers, or by a special appropriation 
Arom the Standing Committee. Immediately on publication of the volume, 
a copy shall be forwarded to every member and fellow of the Association 
who shall have paid the assessment for the meeting to which it relates, 
and it shall also be offered for sale by the Permanent Secretary at such 
price as may be determined by the Standing Committee. The Standing 
Committee shall also designate the institutions to which copies shall be 
distributed. 

Local Committee. 

Art. 81. The Local Committee shall consist of persons interested in 
the objects of the Association and residing at or near the place of the 
proposed meeting. It is expected that the Local Committee, assisted by 
the officers of the Association, will make all essential arrangements for 
the meeting, and issue a circular giving necessary particulars, at least 
one month before the meeting. 

Library of the Association. 

Art. 82. All books and pamphlets received by the Association shall be 
in the charge of the Permanent Secretary, who shall have a list of the 
same printed and shall fdrnish a copy to any member or fellow on appli- 
cation. Members and fellows who have paid their assessments in ftill 
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shall be allowed to call for books and pamphlets, which shall be deliyered 
to them at their expense, on their giving a receipt agreeing to make 
good any loss or damage and to return the same free of expense to the 
Secretary at the time specified in the receipt given. All books and pam- 
phlets in circnlation most be retomed at each meeting, or the valne of 
any not so returned paid to the Permanent Secretary. Kot more than 
ten books, including volumes, parts of volumes, and pamphlets, shall be 
held at one time by any member or fellow. Any book may be withheld 
from circulation by order of the Standing Committee. 

Admxssxox Feb axd Assbbbmewts. 

Abt. 88. The admission fee for members shall be live dollars in addi- 
tion to the annual assessment. On the election of any member as a 
fellow an additional fee of two dollars shall be paid. 

Art. 84. The annual assessment for members and fellows shall be 
three dollars. 

Art. 85. Any member or fellow who shall pay the sum of fifty dollars 
to the Association, at any one time, shall be exempt from all Airther 
assessments, but this payment shall not entitle him to the publications of 
the Association, and all money thus received shall be invested as a per- 
manent ftind, the income of which shall be used only to assist in original 
research. 

Art. 86, All admission fees and assessments must be paid to the Per- 
manent Secretary, who shall give proper receipts for the same. 

ft 

ACCOUIVTS. 

Art. 87. The accounts of the Permanent Secretary and of the Treas- 
urer shall be audited annually, by two auditors appointed by the Stand- 
ing Committee. 

Alterations of the CoNSTrruTiON. 

Art. 88. No part of this Constitution shall be amended or annulled, 
without the concurrence of three-fourths of the members and fellows 
present in general session, after notice given at a general session of a 
preceding meeting of the Association. 



ORDER OF PROCEEDINGS 



IN 



ORGANIZING A MEETING. 



1. The retiring President introduces the President elect, who takes the 

chair. 

2. Formalities of welcome of the Association as may be arranged by 

the Local Committee. 

3. Report of the list of papers on the register and their reference to 

the Sections. 

4. Other reports. 

5. Announcements of arrangements by the Local Committee. 

6. Elections to complete the Standing Committee. 

7. Election of members. 

8. Election of fellows. 

9. TJnenumerated business. 

10. Adjournment to meet in Sections. 

This order, so far as applicable^ to be followed in subsequent General 
Sessions. 
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fihall be allowed to call for books and pamphlets, which shall be delivered 
to them at their expense, on their giving a receipt agreeing to make 
good any loss or damage and to return the same tree of expense to the 
Secretary at the time specified in the receipt given. All books and pam* 
phlets in circulation must be returned at each meeting, or the value of 
any not so returned paid to the Permanent Secretary. Not more than 
ten books, including volumes, parts of volumes, and pamphlets, shall be 
held at one time by any member or fellow. Any book may be withheld 
from circulation by order of the Standing Committee. 

Admission Fbb jjxd Assbssboents. 

Art. 83. The admission fee for members shall be five dollars in addi* 
tion to the annual assessment. On the election of any member as a 
fellow an additional fee of two dollars shall be paid. 

Art. 84. The annual assessment for members and fellows shall be 
three dollars. 

Art. 85. Any member or fellow who shall pay the sum of fifty dollars 
to the Association, at any one time, shall be exempt from all fturther 
assessments, but this payment shall not entitle him to the publications of 
the Association, and all mone^ thus received shall be invested as a per- 
manent frmd, the income of which shall be used only to assist in original 
research. 

Art. 36. All admission fees and assessments must be paid to the Fer^ 
manent Secretary, who shall give proper receipts for the same. 

Acoomrrs. 

■f 

Art. 87. The accounts of the Permanent Secretary and of the Treas- 
urer shall be audited annually, by two auditors appointed by the Stand- 
ing Committee. 

Alterations of thb Constitution. 

Art. 88. No part of this Constitution shall be amended or annulled, 
without the concurrence of three-fourths of the members and fellows 
present in general session, after notice given at a general session of a 
preceding meeting of the Association. 
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ORGANIZING A MEETING. 
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1. The retiring President introduces the President elect, who takes the 

chair. 

2. Formalities of welcome of the Association as may be arranged by 

the Local Committee. 
8. Beport of the list of papers on the re^ster and their reference to 
the Sections. 

4. Other reports. 

5. Announcements of arrangements by the Local Committee. 

6. Elections to complete the Standing Committee. 

7. Election of members. 

8. Election of fellows. 

9. TJnenumerated business. 

10. AcUoumment to meet in Sections. 

This order, so far as applicable, to be followed in subsequent General 
Sessions. 
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ADDRESS 

OF 

PEorEssoE SIMON" NEWCOMB, 



THE RETIRING PRESIDENT OF THE ASSOCIATION. 



Ladies and Gentlemen op the American Association for 
THE Advancement op Science: — 

In imposing on its retiring President the duty of delivering an 
address, the constitution of this society sets no limits to his choice 
of a theme. Both in these and in the corresponding addresses 
delivered before the sister society of Great Britain, it has not been 
uncommon for the speaker, to choose for his subject the general 
progress of scientific research during the year. This course is 
now less common than formerly, because, owing to the immensity 
of the field of research, it has become impossible for any ordi- 
nary mind to follow its progress in all its branches. I have 
thought, therefore, that a higher interest would attach to a theme 
chosen from the field of modern scientific thought, and, by a 
process in which I have been the follower rather than the leader of 
my own contemplations, I have been led to present to you some 
thoughts on the Course of Nature as seen in the light of modem 
scientific and philosophic research. Though I have but a single 
central idea to present to you, namely, that of the simplicity and 
universality of the Laws of Nature, yet so great is the confusion 
of thought whldl jj^Keviols on the question, What are the Laws of 
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Nature, that it is necessary to approacli my idea from more than 
one standpoint, and to illustrate it in more than one way. 

We all know that the history of the Caucasian race, during the 
last three centuries, has been marked by a kind of intellectoal 
development so entirely without precedent that some might call 
it miraculous ; in fact, by such a development of the understanding 
of the course of nature as has revolutionized human society in 
many of its phases. You also know that this development has 
been marked by frequent collisions of opinion between the inves- 
tii^ators of the material manifestations of nature on the one side 
(if I may be allowed to use the expression), and philosophers and 
theologians on the other, respecting the true theor}'^ of the course 
of nature. My desire in entering this field is to act the part of 
the peacemaker rather than that of a combatant, not sustaining 
any other propositions than those which are actually believed in 
by the large majority of educated men at the present time ; but 
the confusion of thought on this subject, to which I have just 
alluded, is so great that, although I may combat no opinions 
actually held, it may be necessary to greatly modify their applica- 
tion, and to criticise the forms in which they have found expres- 
sion. 

The key-note of my discourse is found in a proposition which is 
fundamental in the history of modern science, and without a clear 
understanding of which everything I say may be entirely misun- 
derstood. This proposition is, that science concerns itself only 
with phenomena and the relations which connect them, and does 
not take account of any questions which do not in some way admit 
of being brought to the test of observation. The only universe it 
knows is that made known by the telescope, the microscope, and 
other appliances of observation. That this is the whole universe 
we should all be very sorry to suppose, and none more so than he 
who has the honor to address you. But, should I pretend to a 
scientific knowledge of what lies behind this visible frame, I should 
be acting the part of the rash speculator rather than of the cau- 
tious thinker. Only into a single field of thought do I dare to 
venture. When we trace the eflbrts of men to penetrate the 
secrets of nature, we find them clearly divisible into two classes : 
philosophic speculation, and scientific investigation. We find the 
objects of thought equally divisible into two classes : phenomena 
and their hidden causes, those unknowable entities out of which 
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tjiey proceed. The great progress which the last three centuries 
have witnessed has been wholly in the field of phenomena, and it 
is to this field, and to the results of scientific investigation in it, to 
which I asli your attention this evening. But, it is to be expected 
that, in this brief characterization of our field of thought, 1 have 
failed to convey to your minds any clear conception of ita bounda- 
ries. The progress here alluded to has been rendered possible 
only by entirely rejecting the mode of thinking about nature which 
was prevalent in former ages, and into which the untrained mind 
is almost sure to fall at the present day. The distinction mill be 
evident to one mind at a glance, while another may be unable to 
comprehend it after all the explanations which it is possible to 
give. As my whole discourse will be misleading unless all my 
hearers have a clear conception of it, I shall endeavor to present 
you with the materials of such a conceptioD, rather in the form of 
concrete illustrations in familiar language, than in that of abstract 
general definitions. 

As one mode of expression, we might say that modern science 
introduces into the higher modes of thought about nature that 
same kind of practical good sense which characterizes the success- 
ful man of business. Scientific investigation is, in a certain sense, 
purely practical in both its methods and ita aims. There is a 
mental operation, with which all are well acquainted, under the 
familiar terra "theorizing;" to this operation all scientific investi- 
gation is so much opposed that the mere tlieorizer and essayiat 
can never make any real atlvance in the knowledge of nature. To 
speak with a little more precision, we may say, that as science 
only deals with phenomenon and the laws which connect them, so 
all the terras which it uses have exact literal meanings, and refer 
only to things which admit of being perceived by the senses, or, 
at least, of being conceived as thus perceptible. Thia purely lit- 
eral meaning of all scientific language is in strong contrast to the 
metaphorical and poetical forma of expression into which we are 
apt to fall in dlacourse upon abstract subjects generally, where 
our ideas cannot be at once referred to sensuous impressions. 
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nnleas its solution will in some way advance this object. I must 
not, however, be understood as saying tliat the test of experieoce 
can always be immediatety applied, because then no disputed 
question could be a scientific one. For example, the question 
whether man existed on the earth 50,000 years ago is a scientific 
one, because it is one respecting actual historic occurrence of 
scenes evident to the senses. It could at once be settled by 
simple inspection, could we in any way form a picture of the earth 
as it then looked, and it may actually be settled in the future by 
the presence or absence of sensible traces of the existence of man 
at those times. Should we, however, go farther, and inquire 
whether such men had souls, our inquiry would not be a scieutiflc 
one, nor one in which science could in any way concern itself with 
profit. The soul can neither be seen, nor in any way made evi- 
dent to the senses of others. From the very nature of things, it 
could leave no material trace of itself to be unearthed by the geol- 
ogist or antiquarian of a future age. So far are we from forming 
any conception even of our own souls, as sensible existences, that 
no question affecting them, even now, is a. scientific one ; much 
less can science consider those of past generations. 
■ There is thus a quite well defined limit between questions which 
are scientific ones and those which are not scientific, and with 
which, in consequence, science has no concern whatever. You 
must not understand me as in any way claiming that questions of 
this last class are not worth thinking about. They include many 
which are of the most absorbing interest to the human race, and 
about which men will think the more as they become more thought- 
ful. But to mix them with scientific discussions will only introduce 
confusion of thought respecting sensible things, without in any 
manner advancing their solutiona. The current desires that sci- 
ence shall consider man as something more than an animal are as 
unreasonable as if we wanted to make algebra a help to moral 
philosophy. 

This limitation of all scientific research to a single specific field 
is something so little understood, that I may have occasion to call 
it to mind in other connections. But, there is another equally 
essential maxim of science which I must explain in order that you 
may understand the spirit which animates scientific investigation. 
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what she has to say according to her exact meaning. What he 
may desire to be true has no bearing at all on the question what 
really is true. Here arises the inability of men of science to view 
theological questions in a light which shall be satisfactory to the 
theologians, and the corresponding inability of the latter to appre- 
ciate the spirit in which men of science discuss the problems of 
life and being. We hear much at the present time of a supposed 
conflict between science and religion, but it is rather a conflict 
between two sets of men who view nature from opposite and ir- 
reconcilable standpoints. It is. essential, to the understanding of 
our theme, that we should see in what this difference of view con- 
sists ; I shall, therefore, endeavor briefly to explain it. 

The theologian looks upon the doctrines he has been taught, as 
something the truth of which is essential to the welfare of hu- 
manity, and, we might almost say, to the supremacy of the Creator. 
He thus invests them with an attribute of moral excellence, im- 
plied rather than expressed in the term orthodoxy, and looks upon 
those who attack them, not simply as men who are mistaken, but 
as men who are seeking to do a great injury to the human race. 
Hence, the idea of weighing the arguments on both sides with 
entire indifference to the result, is one which he cannot be expected 
to receive with favor, or even to readily comprehend as received * 
by others. His idea of truth is symbolized in the pure marble 
statue which must be protected from contact with profane hands, 
and whose value arises from its beauty of form and the excellence 
of the ideas which it embodies. He therefore looks upon those 
who attack it, with feelings not unlike those of the keeper of the 
statue upon a chemist, who refuses to see anything in the statue 
except a lump of carbonate of calcium of peculiar form, and who 
wants to handle it, weigh it, determine its specific gravity and its 
cohesive power, and test its substance with acids. The correspond- 
ing idea of the scientific investigator is symbolized by the iron- 
clad turret, which cannot be accepted until it has proved its invul- 
nerability. Instead, therefore, of being protected from violence 
as if it were a product of the fine arts, violence is invited. Its 
weak points are sought out by eyes intent on discovering them, 
and are exposed to the fire of every logical weapon which can be 
brought to bear upon them. A scientific theory may thus be 
completely demolished ; it may prove so far from perfect that its 
author is glad to withdraw it for repairs or reconstruction ; or it 
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may be hammered into an entirely new shape. But however com- 
pletely it may stand the fire, it maintains its position as a scientific 
theory only by being always in the field ready to challenge every 
new comer, and to meet the fire of every fact which seems to mili- 
tate against it. A countless host of theories have thus been 
demolished and forgotten with the advance of knowledge, but those 
which remain, having stood the fire of generations, can show us a 
guarantee of their truthfulness which would not be possible under 
any other plan of dealing with them. 

As a consequence of this way of viewing theories, the scientific 
man recognizes no such attribute as orthodoxy in his doctrines. 
There is nothing at all which he says you must believe to be true 
as a condition of scientific recognition. There may, indeed, be 
many propositions to doubt which would indicate extraordinary 
incredulity, or down-right folly, or even insanity, and he might, 
therefore, regard a skeptic as possessing a pitiful feeblenesss of 
intellect, and, in consequence, refuse to listen to him ; but he 
would refuse, not because the man disbelieved something which 
was undoubtedly true, but because he was not worth listening to. 
Perhaps the point which I am striving to make clear may be most 
readily grasped by the reflection that science offers its highest 
rewards to him who will overthrow and supplant its best estab- 
lished and most widely received theories. Thus, the names of the 
men who disproved the theory of epicycles in astronomy, and the 
doctrine of phlogiston in chemistry, occupy the most honorable 
positions in the history of science. Of course, no such thing as 
authority in science has anything more than a provisional recogni- 
tion. If a man of good repute says that he has investigated a 
certain subject and reached a certain result, the latter may be ac- 
cepted on his authority, in the absence of other evidence. But 
this gives no reason at all why anyone else should not reach a 
diflTerent result, and it would be no argument at all to cite the 
mere authority of the first against the second. In case of a dis- 
crepancy of this kind, the whole question would have to be reinves- 
tigated. The dictum, " It is written," has no terror whatever for 
the investigator of nature ; he can recognize no authority for any 
feature in the course of nature, except nature herself as he sees 
her. 

These principles are of so much importance in the philosophy 
of science, that I may be pardoned for viewing them in yet another 
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• light. In reading those discussions with scientific men on certain 
theories recently advanced by the more advanced students of phi- 
losophic biology into which the representatives of theology some- 
times enter, I have often noticed, that if the representative of 
science propounds, discovers, or brings forward any fact or princi- 
ple which seems to tell against his side of the question, the other 
calls it an "admission," or "concession," just as if his opponent 
had first selected his side for the love of it, and was then unwilling 
to concede or admit anything which might militate against it. 
Now, to go into the philosophy of the subject a little deeper than 
heretofore, allow me to say that the man of science professes no 
ability to recognize truth on sight, as he would recognize a house 
or an animal. The question whether any given proposition is or is 
not true, is necessarily to be decided by the human judgment, co- 
ordinating all the facts which bear upon it. There is no such 
thing as a revelation of scientific truths, and even if one should 
claim that there was, the admission or rejection of the claim would 
be an act of the judgment, which thus becomes the ultimate ar- 
biter in any case. Hence a proposition is to be proved probable or 
true, not by anything in itself, but by a more or less long and 
painful examination of the evidence for and against it. Every- 
thing that can be found to militate in favor of it is put into one 
scale, and everything that can be found to militate against it is 
put into the other. If the investigator is imbued with the true 
spirit of science, his search is equally vigorous for arguments to 
go into the two scales. When he says that the proposition is 
worthy of being received as true, he means, not that it bears any 
recognized seal of truth, but that the evidence in favor of it en- 
tirely preponderates over all that can be brought to bear against 
it. 

You will not understand me as maintaining that every individual 
man of science constantly maintains this spirit of impartiality 
any more than that every Christian constantly lives up to the 
highest standard of his profession. Hot conflicts have sometimes 
raged, and there is no reason to suppose that they have entirely 
ceased, even now, in which each combatant could only see one 
scale. But the spirit I have described is that in which science 
exhorts her votaries to approach every question, and in which they 
will constantl3' endeavor to approach it if they are worthy of their 
profession. 
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Let 118 now approach our main theme, the course of visible 
nature. Let me again remind you that of the two universes, the 
seen and the unseen, I am only going to speak of the former. We 
find ourselves placed in this world in the midst of a vast theatre of 
activity. We see an atmosphere agitated by storms ; great masses 
of water rising in the air to form clouds, and, after falling to the 
earth, flowing as mighty rivers to the ocean ; countless forms of 
vegetation rising from the earth, and then returning to it ; a sun 
supporting all life on our planet with its heat ; an infinitude of 
chemical changes going on around us ; countless stars moving 
through space with velocities which transcend all our conceptions. 
To all appearance these operations have been going on for millions 
of ages past, and may continue for millions of ages to come. As 
the thinking man contemplates them, he is led irresistably to the 
conclusion that they do not go on at random, but that they are 
joined by connecting links, or are in some way the product of 
knowable causes. From his earliest infancy he sees connections 
between them which enable him to foresee results. He finds that 
fire bums, that the sun warms, that food satisfies his hunger, and 
that heavy bodies fall with a certainty which shows the forces at 
play to be invariable in their action. To penetrate the mystery 
in which these forces are enshrouded, he has exerted the eflbrts of 
his intellect from its first dawn until the present time. What 
general conclusions has he reached ? 

From the earliest times at which man began tolhink, two modes 
of explaining the operations of nature have presented themselves 
to his attention. These modes are sometimes designated as the 
teleological, and the mechanical. 

The teleological explanation of nature, presupposes that her 
operations are akin to human actions insomuch as they are under 
the control of, and directed by one or more intelligent beings 
having certain ends in view ; that the events are so directed as to 
compass these ends ; and, finally, that the relation of the events 
to the ends, admits of being discovered by observation and study. 
This last condition is a very important one, because, without it, 
the teleological explanation of the cause of nature would not be 
a scientific one. The doctrine that the Author of Nature has 
certain ends in view, and directs the whole course of events so as 

to bring them about, will not enable us to explain and predict the 

• 

events unless we know what those ends are. But, as I have 
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already said, the test of scientific advance is the power of fore- 
sight — of foreseeing what result any combination of circumstances 
will lead to. If we always had to wait for the result, and could 
then only say, I know this is the result which was intended, be- 
cause it has happened, no actual foresight would be possible ; and 
however excellent the doctrine might be as a theological one, it 
would not admit of being tested by observation and experiment, 
and the question of its truth would, therefore, not admit of being 
settled by scientific investigation. 

You may recall the remark of a satirical philosopher, when he 
saw the gifts which those who escaped the dangers of a certain 
treacherous and stormy sea offered up to the goddess who had this 
sea at her command: "I see no offerings from those who were 
lost," said he. It was not till the voyager had got safely to shore 
that he found himself under the protection of the goddess. 

It must be well understood that the teleological theory of nature, 
or, as it is now familiarly called , the explanation of natural .phe- 
nomena by design, has two distinct forms, the scientific, and the 
theological. These forms are not antagonistic ones ; the one 
held by scientific men, and the other by theologians ; for, as you 
may well know, the scientific form is the one in which scientific 
men almost universally reject the teleological theory, while they 
have nothing to say against the other forms. The forms refer 
only to the fields to which the theory may belong, the scientific 
and the theological. The distinction turns, on whether we sup- 
pose the ends which the Creator has in view to be discoverable by 
scientific investigation, or to be inscrutable. Only in the former 
case have we, as scientific investigators, anything to do with the 
question. The theory, as we have to consider it, is in brief this/: — 
that the course of events in inanimate nature is from time to time 
modified by invisible intelligences just as it is modified by man 
when he changes the course of a river or plants a forest. 

The other explanation of nature is the mechanical one. It 
assumes that her processes go on in accordance with certain laws 
which admit of being fully comprehended by the human mind so 
far as their effects are concerned. Each state of things is the 
effect of the state which immediately precedes it, and the cause of 
that which immediately follows it. The course of nature is thus 
considered as an endless chain, of which the work of science con- 
sists in making out the forms of the links, and the modes in which 
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adequacy to account for the whole course of nature, as we see it 
going on before us, is now the almost universal opinion of edu- 
cated men. This revolution in human thought is, perhaps, clearly 
brought out in the diflferent view we now take of certain religious 
observances introduced by our ancestors, whose ideas would now 
be considered as approaching the irreverent. Take, for example, 
the prayers for the right kind of weather, which we find in our 
prayer-books. When they were first composed and inserted, their 
object was a purely practical one. As the farmers now sometimes 
fire off cannon to make the black cloud break and discharge its 
contents upon the parched field, so the prayers were to be offered 
up in order that the aqueous vapor in the air might be made to 
condense and fall. That a much more exalted view of prayer than 
this is now taken by the more enlightened portion of the religious 
world, I think we have every reason to believe. 

Although we can hardly entertain a serious doubt that the me- 
chanical theory of natural operations, or, as it is sometimes called, 
the doctrine of the uniformity of nature, is generally acquiesced 
in by the mature thought of intelligent Christendom, yet objections 
are frequently made to it because it seems to run counter to some 
of our most cherished ideas. If it were not paradoxical to make 
the assertion, it might be said that we hold, or at least express 
entirely inconsistent views on the subject. The fact is that we 
are pupils of two opposing schools, which are, in a certain degree, 
antagonistic, one of which we cannot, and the other of which we 
will not, give up. In one of these schools the chief teachers are 
observation and experience. All sentiment and emotion are ban- 
ished from its curriculum, which admits only the hard realities of 
the outer world. The older we grow the more we see and hear of 
this school, and the more unreservedly we accept its teachings. 
It tells us that the whole course of nature takes place in accord- 
ance with certain laws capable of expression in mathematical lan- 
guage ; that these laws act with more than an iron rigor, and 
without any regard to consequences ; that they are deaf to prayer 
or entreaty, and know no such thing as sympathy or remorse ; that 
if we would succeed we must study them, and so govern ourselves 
that their action shall enure to our benefit. 

The other school is that of sympathy, emotion, and religious 
faith. In it, as children, we receive our first teachings. It shows 
us ourselves placed, as it were, in a forest of mystery, surrounded 
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by forms over which we have no control, and able to penetrate so 
little into the surrounding darkness, that we cannot tell what shall 
happen to us on the morrow. It has, in all ages, peopled the 
thickets with invisible beings having an interest in our welfare or 
our injury, or with providential interferences designed to compass 
ends of which we, in advance, have no conception. Its teachings 
are nearest and most welcome in times of affliction and fear. Its 
objections to the teachings of the other school, are heard far and 
wide through the land. Notwithstanding the number of forms 
which these objections take, their essence may be condensed into a 
very few sentences. The following will probably be accepted as 
a fair rendering of their substance. 

You take a contracted and unphilosophical view of nature when 
you say that the world is governed by inexorable laws. These 
laws are not governors, but only the instruments of government 
by which the real governor executes his purposes. With them, 
but without subverting or violating them, he can reward or punish, 
bring on prosperity or call down disaster, according to the dictates 
of his sovereign will. The child and the peasant call the thunder 
the voice of God. The modern philosopher attempts to correct 
them by showing that it is the product of evaporation and of 
atmospheric electricity. But the view of the child is really the 
more correct of the two, because he ascends at once to the first 
cause, and thus sees further than the philosopher who corrects him 
because the latter stops short at the immediate or secondary cause 
without even trying to raise his eyes to the ifigher source of power. 
I think I am not far wrong in giving this as the substance of the 
most cogent objections which ma}'^ be anticipated in any quarter 
against the mechanical theory of the course of nature. 

Now, if these views referred only to inscrutable first causes of 
things, or to the intelligent but invisible substratum which under- 
lies the whole cause of nature, we should have no occasion to 
discuss them, because they would lie outside the field I have 
assigned as that of our contemplation at the present time, and 
which I have sought to describe as the field of phenomena. The 
doctrines that all things go on in exact accordance with the will of 
the Creator ; that he has certain ends which the laws of nature are 
designed to bring about ; and that an intelligent cause lies behind 
the whole universe of phenomena, are of a class which science has 
no occasion whatever to dispute. 'If it were made clearly to appear 
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adequacy to account for the whole course of nature, as we see it 
going on before us, is now the almost universal opinion of edu- 
cated men. This revolution in human thought is, perhaps, clearly- 
brought out in the diflferent view we now take of certain religious 
observances introduced by our ancestors, whose ideas would now 
be considered as approaching the irreverent. Take, for example, 
the prayers for the right kind of weather, which we find in our 
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the doctrine of the uniformity of nature, is generally acquiesced 
in by the mature thought of intelligent Christendom, yet objections 
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ished from its curriculum, which admits only the hard realities of 
the outer world. The older we grow the more we see and hear of 
this school, and the more unreservedly we accept its teachings. 
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by forms over which we have no control, and able to penetrate so 
little into the surrounding darkness, that we cannot tell what shall 
happen to us on the morrow. It has, in all ages, peopled the 
thickets with invisible beings having an interest in our welfare or 
our injury, or with providential interferences designed to compass 
ends of which we, in advance, have no conception. Its teachings 
are nearest and most welcome in times of affliction and fear. Its 
objections to the teachings of the other school, are heard far and 
wide through the land. Notwithstanding the number of forms 
which these objections take, their essence may be condensed into a 
very few sentences. The following will probably be accepted as 
a fair rendering of their substance. 

You take a contracted and unphilosophical view of nature when 
you say that the world is governed by inexorable laws. These 
laws are not governors, but only the instruments of government 
by which the real governor executes his purposes. With them, 
but without subverting or violating them, he can reward or punish, 
bring on prosperity or call down disaster, according to the dictates 
of his sovereign will. The child and the peasant call the thunder 
the voice of God. The modern philosopher attempts to correct 
them by showing that it is the product of evaporation and of 
atmospheric electricity. But the view of the child is really the 
more correct of the two, because he ascends at once to the first 
cause, and thus sees further than the philosopher who corrects him 
because the latter stops short at the immediate or secondary cause 
without even trying to raise his eyes to the ifigher source of power. 
I think I am not far wrong in giving this as the substance of the 
most cogent objections which ma}'^ be anticipated in any quarter 
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that the field of the teachings in question was thus limited, and 
was entirely distinct from that of phenomena, with which alone 
science is occupied, there would be no occasion for dispute between 
the two schools. I have no disposition to throw a single stone 
across what I consider the sacred boundary line, nor to enter a 
field which I am by^ natural and acquired habits of thought, unfitted 
to cultivate. As men of science let us by no means attempt to 
penetrate a region in which the eye of science can see nothing but 
darkness. If we thus subject ourselves to the imputation of being 
" of the earth, earthy," we may console ourselves that our edifice is 
firm and durable because it does not seek to rise into regions of 
serener air, nor to rear its dome above the clouds. 

I can hardly be mistaken in saying that the objections to the 
mechanical theory of nature, which I have just tried to formulate, 
are not always confined to the field of inscrutable first causes. 
There is a part of the boundary line over which the stones are 
flying very thickly. While some of the combatants may profess 
to make no attack on the doctrine of the uniformity of natural law, 
I cannot but think that these professions often arise from a misap- 
prehension of the scientific side of the question. Indeed, I must 
confess that I have met with a diflSculty from my inability to form 
a clear idea of the 'views really entertained by the school now 
under consideration. I have made a somewhat careful study of 
some of the most elaborate works of the writers of the theological 
school, devoted to this very topic, and I have left them without 
being able to decide in my own mind, whether the writers do or 
do not hold unreservedly to the mechanical theory of the course of 
nature. That nearly all intelligent men really believe in this 
theory, at least so far as the present time and dispensation are 
concerned, we have abundant reason for believing. Nor is there 
even among advanced theologians any lack of profession of a 
belief in the uniformity and supremacy of the laws of nature. 
But, when thinkers of the other school maintain the doctrine, 
and trace it to its logical consequences, undisguised by senti- 
mental language or figure of speech, they are met with criticism 
which I can account for only by supposing that the theologian un- 
derstands by laws of nature something different from what is 
understood by the man of science. 

Let us try to condense the questions at issue into the smallest 
possible space. The scientific philosopher maintains that the uatu- 
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ral course of events goes on in invariable accordance with certain 
knowable laws. He asks the theologian in the words of Pope : 

** Think'st thou like some weak Prince the eternal cause 
Prone for his favorites to reverse his laws ? 
Shall burning ^tna, if a snge requires, 
Forget to thunder and recall her lires ? 
On air or sea new motions be impressed, 
O blameless Bethel to relieve thy breast? 
When the loose mountain trembles from on high 
Shall gravitation cease if you go by ? 
Or some old temple, nodding to its fall, 
For Cliartres' head reserve the hanging wall ? " 

To all these questions the other answers, no, and thus all occa- 
sion for dispute ought to end. But it does not end, by any means ; 
for he proceeds to criticise the views of the questioner on the 
ground of their narrowness, and to inform him that the Creator 
can, (and, by implication, that he does) so arrange things that 
any result he may wish shall be brought about by the action of 
natural laws themselves. "We do not expect JEtna to recall her 
fires when a sage is near ; or the air and ocean to acquire new 
motions to preserve a saint from danger." » * * *' Should these 
individuals not be rushing recklessly against the known laws of 
Heaven, or should it be the will of God to preserve them, it will 
be found that provision has been made for their escape, and that 
not through the powers of nature disobeying their own laws, but 
through other powers in nature opportunely interposing to stop, 
to turn aside, or otherwise to modify their operation." 

Now, always supposing that such remarks as these are intended 
to apply to the domain of sight, hearing and understanding, they 
differ fundamentally from the scientific theory in their view of what 
constitutes the laws of nature. The school seems to look upon 
causes and eflects in nature as belonging to two different classes 
of things. They see an immense collection of causes, to each of 
which the appropriate effect is tied. So long as the cause is fol- 
lowed by its effect, the laws of nature are satisfied. So, if the 
Ruler wants to reward, punish, kill, or rescue. He has only to bring 
into operation the appropriate cause at the proper moment ; the 
natural effect follows, and His will is executed without any viola- 
tion of the laws of nature. I am not sure that this is an exact 
statement of the views to which I refer ; but it is the best I can 
gather from the study of the forms in which they have found 
expression. Supposing this to be the view really entertained, it is 
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essentially different from that held by the scientific philosophy. 
The course of Nature as it presents itself to the eye of science is 
not a collection of isolated causes, each with its effect attached to 
it, but it is rather to be symbolized by a chain in which each link 
is connected with the link which precedes it and with the one 
which follows it. At each moment of time, the state of the uni- 
verse is the effect of the state which immediately preceded it, and 
the cause of the state which immediately follows. There are no 
such things as distinct causes and effects, but only laws of prog- 
ress which connect the successive links of the seemingly endless 
chain. 

As an illustration of this, let us take the falling of the rock. 
To the mere observer there is no evident reason why it should fall 
at one time rather than another, he may, therefore, feel that there 
is room for speculation as to the cause which made it fall at the ex- 
act moment it did. But science teaches that it will fall at the very 
moment when the cohesive extraction which binds it to the moun- 
tain behind, becomes less than the weight of the rock. We might 
suppose a power to so adjust the causes which effect the cohesion 
that the rock shall fall at some desired moment. But any such 
adjustment would be as complete a change of the course of nature 
as if the power should hold the rock up after it had begun to 
fall. The natural processes by which the cohesion of the rock is 
slowly diminished, though largely hidden from our view, are gov- 
erned by laws as precise in their action as those which regulate 
the motion of the planets. The water which falls from the clouds 
slowly percolates through the ground, and enters a crack in the 
supporting mass. It wears it away at a rate dependent on the 
solubility of the material and the quantity of water which falls. 
A constant, but certain molecular action goes on without ceasing 
between each molecule of water and each molecule of rock. The 
strength of the latter is thus weakened according to some law ad- 
mitting of precise mathematical statement. Thus, a mind pos- 
sessed of sufficient mathematical ability, knowing how much water 
runs over the rock from time to time, and knowing also the laws 
of molecular action between the rock and the water, could deter- 
mine long in advance the very moment at which the rock would 
fall. 

Going back another step, we see that the quantity of water 
which runs over the rock depends on antecedent circumstances in 
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the same way, namely, upon the quantity of the rainfall and the 
arrangement of the crevices in the ground. However the latter 
may have been produced, the cause is still another link in the end- 
less chain which we can trace back to preceding links as far as we 
please. Equally is the rainfall a fixed element, determined by the 
course of the winds and the amount of moisture which they carry. 
Thus we have a network of causes, too complicated for the human 
mind to trace in detail, but which the philosophy of science teaches 
us act with mathematical certainty. No tempering, modifying, or 
adjusting action comes in at any stage of the process, so far as we 
can see ; if we admit such action, we have to keep placing it 
farther back as our knowledge increases. 

Now there is one feature of these causes, the admission or re- 
jection of which constitutes the main point of difference between 
the two schools of thought which I have before indicated. All are 
agreed that tlie course of nature is determined by what we may 
call causes or laws, but all are not agreed as to the scope of action 
of these laws. The great and distinguishing feature which the 
school of sciences recognizes, and which the other school does not 
recognize, is that all the laws of nature act without any scrutable 
regard to consequences. I qualify my statement by the word 
scrutable, because it is entirely outside the pale of scientific re- 
search to speculate upon possible inscrutable ends in nature. This 
being a subject of which the man of science, speaking as such, can 
aflSrm nothing, so he can deny nothing. Having found that no 
trace of regard for consequences can be seen in the mode of action 
of the laws which he investigates, but that the whole course of 
things, so far as his eye can penetrate, may be explained and 
predicted without supposing any such regard, the demands of 
science are satisfied, and he must there stop. 

Let me illustrate this by going over the train of thought which 
has just occupied us in the opposite direction, starting from the 
rainfall, and tracing the succession of causes to the fall of the 
rock. The spot at which each drop of rain shall fall is determined 
by antecedent conditions entirely, by gravitation, and the winds. 
The drop neither seeks nor avoids the crevices, never asks in any 
way what shall be its destiny after it reaches the ground. It 
strikes the ground wherever gravity and the winds bring it, per- 
colates through the soil according to the law of least resistance, 
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and dissolves the rock according to the laws of chemical affinity, 
without any respect to the consequences, immediate or remote. At 
length a moment arrives at which the cohesive force of the rock be- 
comes less than the weight which urges it downward. This mo- 
ment is fixed entirely by antecedent circumstances, such as the 
solubility of the rock and the amount of water which percolates 
over it. At this very moment the rock begins to fall. It falls six- 
teen feet the first second, three times that distance the next, and 
BO on, according to the mathematical law of falling bodies, without 
any respect to the lovely character of the beings it may destroy, 
or the disasters with which it may crush the fondest hopes of men. 
The region may be the wilderness ; the passer-by may be a babe 
in its nurse's arms, an angel of charity, fulfilling her mission of 
good will, or a murderer aiming the deadly blow at his victim ; but 
under no circumstances can we see that these conditions in any 
way aflfect the chain of causes which lead to the falling of the rock, 
or cause it to wait a moment or swerve a hair's breadth from its 
inevitable course. 

According to the theory of the course of nature, which I am 
trying to elucidate, the chain of causes which we have described, 
each cause acting according to antecedent conditions, but without 
any regard to consequences, is the type of the whole course of 
inanimate nature as far in space as the telescope can penetrate, 
and as far back in time as the geological record can be deciphered. 
An essential feature of the theory is, that the laws which connect 
the several links of the chain, and thus determine the progress of 
events, do not possess that character of inscrutability which 
belongs to the decrees of Providence, but are capable, so far as 
their sensible manifestations are concerned, of being completely 
grasped by the human intellect, and expressed in scientific lan- 
guage. Without this, the theory would have no practical bearing 
whatever, because to say that the course of events is fixed, but by 
laws which we can never grasp, would give us no clew at all to 
learning what that course shall be, and would be equivalent to 
telling us that it is enshrouded in the same impenetrable mystery 
with first causes. A very important feature of the progress of 
Bcience is found in the constant resolution of the laws of nature 
into more simple and elementary ones, until we reach principles so 
simple that it is impossible to analyze them farther. Let us take 
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as an instance of this tlie laws of the celestial motions. When 
Kepler discovered that the planets moved round the sun in elipses, 
having the sun in one focus, he found what were, for his time, 
simple and elementary laws. They were entirely comprehensible, 
admitting of being expressed in mathematical language. They 
enabled him to predict the motions of the planets, and, so far as 
the intellect of the time could penetrate, they could not be resolved 
into more simple expressions. 

But when Newton appeared on the scene, he showed that these 
and other laws could be expressed in the simple and comprehensive 
form of gravitation of every particle of matter toward every other 
particle with a force inversely as the square of the distance which 
separates them. All the laws of planetary motion which had 
before been discovered were shown to be reducible to this one 
simple law, combined with certain facts respecting the directions 
and velocities of the planetary motions. The most essential of 
these facts is, that the velocities of the planets in their orbits are 
such that these orbits, nnder the influence of the sun's gravitation, 
are nearly circular. 

By this grand generalization Newton reduced the laws of the 
celestial motions to a form so elementary, simple, and comprehen- 
sive, that no further reduction seems possible in our present state 
of knowledge. Attempts have been made to show that gravita- 
tion is itself the result of discoverable causes, but they appear to 
me entirely unphilosophical, since the causes into which they would 
resolve gravitation are more complex than gravitation itself. But 
for our present purpose it is not necessary to concern ourselves 
whether gravitation may arise from some more subtile principle, as 
yet undiscovered. The point which I wish 3'ou to grasp is the 
entire comprehensibility of the law, as it now stands. There is 
no m3*stery surroun<liug it. When I say that any bod}' left un- 
supported will fall toward the centre of the earth until it meets 
with the earth itself, or some other obstacle to its farther fall, you 
know exactly what I mean, and what are the results of the law 
which I enunciate. In a certain sense we might say that the laws 
of nature are simply general facts, distinguished from special facts 
by their dependence upon certain antecedent conditions. Consid- 
ered as such, there can never be any doubt as to their meaning or 
results. There is «o profound philosophy involved in their action 
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ing the modern system of explanation tending to this result. On 
these theories, the eye was not made in order to see, nor the ear 
in order to hear, nor are the numberless adaptations of animated 
beings to the conditions which surround them in any way the 
product of design. Absurd as this theory appears at the first 
glance, and great as is the anxiety to secure its rejection, the 
question of its truth is to be settled only by a careful scientific 
study of the facts of nature and the laws of hereditary descent. 
The principle which is to aid in its settlement is universally ad- 
mitted in quarters where it is fully understood. We are not to 
call in a supernatural cause to account for a result which could 
have been produced by the action of the known laws of nature. 
The question then is whether these laws of hereditary descent and 
of natural selection are adequate to account for the gradual growth 
of such organs as the hand, the eye and the ear, and for all the 
adaptations which we see in nature. If they are, it would be idle 
to call in any other cause, except we place it behind the laws, and 
if we place it behind those laws we must equally place it behind 
all others. Of course, such a cause lies beyond the field of sight, 
and does not, therefore, belong to scientific observation. Granting 
the theory, then, so far as the eye of science can penetrate, the 
whole result is brought about by laws acting in seemingly blind 
disregard of consequences. 

Let us now turn once more to the theory of scrutable design, 
which supposes at least the occasional action of causes which the 
human intellect can perceive to have been intended to produce 
certain efiects, such as the salvation of the righteous, the punish- 
ment of the wicked, the warning of the indifferent, or the preser- 
vation of the race. Studying this theory from the purely scientific 
standpoint in all the varying forms in which history presents it, 
we see its distinguishing feature to be the idea of causes acting so 
as to bring about certain results. 

When Pallas inspired Diomed with renewed strength, and gave 
superhuman accuracy to his aim, it was in order that he might be 
able to pierce his Trojan enemies. Ordinary investigation might 
fail to show that his hand trembled less than usual as he raised his 
javelin, but the goddess took care that the last tremulous motion 
of his hand, as the weapon left it, should be in the direction to 
send it into the breast of the foe. The utterances of the oracles 
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were determined, not by the past or the present, but by events 
still in the future. The blazing comet appeared, not in obedience 
to a chain of causes commencing with the creation, but in order 
that man might be warned of the coming calamity. When the 
prayers of the righteous averted the coming storm, the cloud 
moved aside in order that their fields and houses might be saved, 
and when they brought down the gentle rain upon the parched 
fields, the rain fell in order that famine might be averted. 

These supposed causes differed from what enlightened minds 
now understand by the term Providence, in being amenable to 
scientific investigation, and in not being included in the regular 
chain of natural phenomena. The designs of Providence are 
inscrutable, but those of Pallas and Juno were not. Careful ex- 
perimental investigation, such as might have been undertaken by 
a Helmholtz of that time, would have sufficed to show just how 
Pallas wanted the spear thrown, if the view of the Homeric age 
was the correct one. When the King died, or the enemy was vic- 
torious, men thought they knew exactly why the comet appeared 
when it did. 

These views having so far vanished into thin air, I do not see 
how we can avoid recognizing the reality of the revolution which 
modern science claims. to have made in the views of men respect- 
ing the course of nature. And yet, as I have already shown, there 
are many tendencies in our being which make us unwilling to 
admit the revolution, and lead many to look upon the old theory 
As correct, provided it were only considered as tracing causes to 
the will of the Creator. On what is this view founded at the 
present time? Entirely, it seems to me, in ignoring the distinction 
between the scru table and the Inscrutable, between the seen* and 
the unseen, worlds. Science has, to a greater or less degree, ban- 
ished final causes from the visible universe ; but they act with un- 
diminished vigor in the invisible one. Such a translation may not 
be a great revolution in thought from a theological point of view, 
but it certainly is from a scientific, standpoint, which considers 
only visible things. 

I can readily imagine your asking if teleological causes can be 
really considered as absolutelj^ banished from the whole domain 
of visible nature, if, considering how limited our knowledge, and 
how vast that part even of the visible universe which we do not 
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know, it is not rash to assert that we know the true theory of 
nature, even in the field of phenomena. This question may lead 
us to look, a little more carefully than we have hitherto done upon 
the exact standing of the doctrine of the uniform course of nature 
according to antecedent causes, and the relation of this doctrine to 
modern scientific investigation. And this leads me to say that it 
would be entirely un philosophical to regard the revolution I have 
described as a scientific discovery or induction. It may be doubted 
whether the scientific mind is really any less disposed to believe in 
final causes than the ordinary mind. Nor can the theory that the 
course of nature is symbolized by the chain of cause and effect, as I 
have described it, be considered as a product of modern investiga- 
tion simply, or as belonging especially to the present age. It is a 
theory which has been, in a limited sphere, recognized by all men 
at all times. The reason why modern science has so greatly ex- 
tended its scope is, that modern science has acquired a vastly more 
extended view of nature than has before been obtained. One of 
the most curious and suggestive features of the teleological the- 
or}'^ has : been that the action of teleological causes has always 
been ascribed to operations into which human investigation could 
not penetrate, although their ultimate effects might be plainly 
seen. Whenever the subject becomes so well understood that the 
chain of natural causes can be clearly followed, miracles and final 
causes cease, so far as the scientific explanation of things is con- 
cerned. That a ball or spear thrown in one direction would bend 
its course into an entirely different direction no one ever supposed. 
Homer never imagined Pallas as changing the course of the jave- 
lin after it had left the hand of Diomed. ' But those states of the 
nervous s^'stem which result in a certain and accurate aim, or in a 
tremulous or uncontrolled arm, lay beyond the pale of physiologi- 
cal knowledge in^ the time of Homer, so here it was that the 
goddess intervened. When nervous action became fully under- 
stood, the filial cause receded and took refuge in some deeper 
arcanum of our ignorance. Jove was never expected to make 
thunder and rain without clouds, nor was the falling of the rain 
ever ascribed to his interference, because every one believed that 
if the drops were once formed they would fall at once to the ground 
without any action on his part. But the mixing currents of moist 
and cool air, and the processes of condensation which lead to the 
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formation of rain and electricity, were not understood, so here 
Jupiter had a chance to work unseen by man. When the mode in 
which clouds were formed was once understood, the god of thunder 
left his seat upon Mount Olympus for a more distant abode. From 
the earliest historic times the man who took a large dose of poison 
has died, as a matter of course ; neither good nor evil spirit had 
anything to do with it. But if brain disease bereft him of reason, 
the malevolence of an evil spirit was called in to account for the 
result. 

Now, I beg you to notice that in all these cases, the only dis- 
tinction we can make between those effects which were supposed 
to be produced by natural causes, and those which were produced 
by the will of some higher power acting with a scru'table end in 
view, is this : in the first class of cases we can clearly see the ef- 
fect to have been produced by the action of natural causes, and in 
the second we cannot. This distinction, depending as it does 
upon the extent of our knowledge, cannot be regarded as a logical 
one. Yet, in so far as a belief in that class of final causes which 
we have been considering exists at the present day, I see no other 
definition of the limits within which these causes are supposed to 
act. Let us take an illustration from the plague now desolating 
our southern cities. No one would believe that under any circum- 
stances any superior power would build a yellow fever hospital, and 
supply it with the best medicines. If we should say that the 
prayers of the whole nation for the immediate erection of such 
buildings would have no effect whatever, we should not be accused 
of unbelief or irreverence in any quarter, for everj'^ one would 
fully agree with us. But there are great numbers of people who 
believe that, if the whole nation should pray for frost, frost might 
be sent in answer to the prayer when it would not have come oth- 
erwise. And to many who do not share this belief, the denial of 
any possibilit}' of an influence of this kind would seem to savor 
much more strongly of unbelief, irreligion, or irreverence, than 
the denial that Providence would build a hospital without human 
hands. 

And 3'^et, if the scientific philosophy be correct, the providential 
production of frost would be as miraculous and as incredible as 
the providential erection of a hospital in a single night without 
human hands. The temperature of the air and the amount of 
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moisture it shall have in any given place, a day, a month or a 5'ear 
from the present time, is as completely fixed by the present state 
of things and by the laws of evaporation condensation and motion 
of gasses as are the position of the heavenly bodies. The first 
deposition of frost will be determined by forces now at play, and 
any deviation from the inevitable action would be a miracle of the 
same kind as pieces of timber hewing themselves into shape and 
putting themselves together untouched by man. Please notice 
that this similarity between the two states of things is entirely 
independent of any philosophical theorj' of natural causes. All 
we claim is that the laws which determine the motion of the air, the 
formation of clouds, the fall of rain and the deposition of frost, 
are, with respect to their certainty of action, of the same class 
with those which determine the position, the movements, and the 
cohesion of a stick of timber. If you claim that both classes of 
causes are the acts of the Creator, we have nothing to say against 
it. All we say is that you must interpret his acts in the same way in 
the two cases. You must not claim that He will produce heat or 
cold by a fiat of an arbitrary will, unless you also claim that He 
will build the hospital or leave it unbuilt, according to a similar 
fiat. Nor is it of any avail to saj' that you know it to be His will 
that the hospital shall remain unbuilt unless man undertakes it. 
We can in reply maintain that we know it to be His will that the 
course of nature shall go on unchanged, no matter how it may 
efiTect human interests. 

It thus appears that the dividing line between mechanical and 
final causes, as drawn by the human mind in all ages, has not been 
fixed by any absolute criterion, but only near the limits of the 
knowledge possessed by each generation. Science has extended 
the line entirely beyond ordinary mental vision, not by introducing 
any new theory of nature, but by extending the boundaries of 
exact knowledge, and with them, of the field in which, by com- 
mon consent, final causes do not admit of being traced. The 
telescope has revealed to us a universe compared with which that 
known to ancients is but an atom, and geology has opened up 
to our view a vista of ages in which the lifetime of our generation 
is hardly more than a mon^ent. And thus final causes have taken 
their flight from a vast region in whicli they before lay hid in ob- 
scurity. You may now aak| iUM^.J||H|f simply taken refuge in 




26 ADDRESS OF 

tlid more distant but vastly wider circumference which now 
marks the boundaries of our knowledge, or are we to suppose 
them entirely banished from nature? This is entirely a question 
of intuition, and not at all of scientific investigation. I have 
described the scientific theory of nature as not admitting scru- 
table final causes at all, but as claiming that the law of the 
falling rock is symbolic of all her operations. But I think this 
is a view towards which philosophers have always inclined. We 
must always expect that men will incline to this view in pro- 
portion to their familiarity with the material side of nature. At 
the same time it is evident to all that there must have been a be- 
ginning of things, and that nature could not have commenced her- 
self. We have, therefore, a wide belt left between the origin of 
nature and the boundaries of our knowledge in which we may 
suppose the inscrutable cause to have acted. Here we reach 
questions of philosophy which lie outside of our field, and which, 
therefore, we cannot now stop to consider. 

The exact bearing of the subject will be better understood by 
condensing what has already been said so as to present the whole 
in a brief space. 

1. When men study the operations of the world around them, 
they find that certain of those operations are determined bj' knowa- 
ble antecedent conditions, and go on with that blind disregard of 
consequences which they call law. The criterion for distin- 
guishing these operations is that their results admit of- being 
foreseen. They also find certain other operations which they are 
unable thus to trace to the operation of law. 

2. Men attribute this latter class to invisible anthropomorphic 
intelligences, having the power to bring about changes in nature, 
and having certain objects, worthy or ignoble, in view, which they 
thus endeavor to compass. Men also believe themselves able to 
discern these objects, and thus to explain the operations which 
bring them about. The objects are worthy or ignoble according 
to the character of the intelligences, which again depend upon the 
state of society. In ancient times they were often the gratifica- 
tion of the silliest pride or the lowest lusts. 

3. As knowledge advances, one after.another of these operations 
are found to be really determined by law, the only diflSculty being 
that the law was before unknpwn or not comprehended, or that the 
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circumstances which determined .its action were too obscure or too 
complex to be fully comprehended. 

4. Final causes having thus, one by one, disappeared from every 
thicket which has been fully explored, the question arises whether 
they now have or ever had any existence at all. On the one hand, 
it may be claimed that it is unphilosophical to believe in them 
when they have bgen sought in Vain in every corner into which 
light can penetrate ; on the other hand, we have the difficulty of 
accounting for these very laws by which we find the course of 
nature to be determined. Take, as a single example, the law of 
hereditary descent. How did such a law — or, rather, how did 
such a process, for it is a process — first commence? If this is 
not as legitimate a subject for inquiry as the question how came 
the hand and the eye into existence, it is only because it seems 
more difficult to investigate. If, as the most advanced scientific 
philosophy teaches, creation is itself but a growth, how did that 
growth originate? We here reach the limits of the scientific field, 
on ground where they are less well defined than in some other 
directions, but I shall take the liberty of concluding my remarks 
with a single suggestion respecting a matter which lies outside of 
them. When the doctrine of the universality of natural law is 
carried so far as to include the genesis of living beings, and 
the adaptations to external circumstances which we see in their 
structure, it is often pronounced to be atheistic. Whether this 
judgment is or is not correct, I cannot say, but it is very easy to 
propound the test question by which its correctness is to be deter- 
mined. Is the general doctrine of causes acting in apparently 
blind obedience to invariable law in itself atheistic ? If it is, then 
the whole progress of our knowledge of nature has been in this 
direction, for it has consisted in reducing the operations of nature 
to such blind obedience. Of course, when I say blind you under- 
stand that I mean blind so far as a scrutable regard to consequence 
is concerned — blind like justice, in fact. If the doctrine is not 
atheistic, then there is nothing atheistic in any phase of the theory 
of evolution, for this consists solely in accounting for certain 
processes by natural laws. I do not pretend to answer the question 
here involved, because it belongs entirely to the domain of the- 
ology. All we can ask is that each individual shall hold consistent 
views on the subject, and not maintain the affirmaHn of the 
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question on one topic, and the negative on another. My object in 
presenting the views I have has been, not so much to propound 
a new theory as to promote consistency, precision, and independ- 
ence of thought among those who discuss the subject. 
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Report op the Committee Appointed to Memorialize Con- 
gress AND State Legislatures regarding the Cultiya- 
TiON OP Timber and the Preservation of Forests. 

The Special Committee appointed at the twenty-second meet- 
ing of this Association, to memorialize Congress and State Legis- 
latures regarding the cultivation of timber and the preservation 
of forests, would respectfully report : — 

That a bill, identical in its provisions with that prepared by the 
Sub-committee mentioned in our report at the Hartford meeting, 
and which had been favorably received by the House Committee 
upon Public Lands, in the Forty-third Congress, was again intro- 
duced upon the motion of the Honorable Mark H. Dunuell, of 
Minnesota, early in the first session of the Forty-fourth Congress, 
and received the same reference as before. 

The Chairman of your Committee now reporting was invited to 
present its claims before the House Committee upon the Public 
Lands, and the full time of one of their sessions was spent in 
considering its provisions. Although several of the members ex- 
pressed opinions favorable to the subject, the Committee made no 
report, and in view of the issues then pending, on the eve of a 
presidential election, it soon became apparent that the occasion 
would not be favorable for the inauguration of new measures. 

Upon this, an amendment embracing some of the features of 
the proposed bill was offered by Mr. Bunnell, and through his 
efforts was incorporated in an appropriation bill then pending, 
under which the Commissioner of Agriculture was directed to 
appoint a person to prepare a Report which was to be by him 
transmitted to Congress, — upon "the amount of comsumption, 
importation and exportation of timber and other forest products — 
the probable supply for future wants — the means best adapted to 
the preservation and renewal of forests — the influence of forests 

(29) 
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Upon climate — and the measures that have been snoc< 
plied in various countries for the preservation and rc^* 
forests." 

The bill embracing this provision became a law on tli*^ 
of August, 1876 ; and a few days after a commission w: 
to Dr. Franklin B. Hough, one of the Committee now r 
for the execution of this duty. 

No instructions were given, beyond those recited in tho 
in a conversation had with the Hon. Frederick Watts, tin 
missioner of Agriculture, the latter expressed the wibh 
researches should be made as thorough and practicable 
means afforded would allow. 

Under ttis authority, various circulars were addressed Uj 
classes of persons whose business or studies were tlii>v.. 
afford occasion for knowing facts of public interest haviii^ 
ence to Forestry, and the replies received in answer t^ 
evinced a general willingness, on the part of those addi\ 
aid in the collection of information of practical Value 1.. 
several lines of business, or fields of observation. Am 
subjects of inquiry were : — the production and use of char 
metallurgy, — the use of wood for ties and other purposes, 
roads, — the production and consumption of bark and other t 
materials, — the results of tree-planting in the prairie st- 
experiments in the introduction of species riot indigenor. 
statements of the distribution, relative size, and abunda!^ 
native timber trees. 

With respect to the importation and exportation of fore?*^ ' 
ducts, the Reports upon Commerce and Navigation, which ' 
been published annually since the organization of the pr<*** 
government in 1789, afford all the statistics that we can 
expect to have; and although changes in the headings of tf>'^' 
(sometimes made unavoidable by changes in the revenue lavv« 
prevent some important commodities from appearing in continiu>»- 
order through the whole period, these reports nevertheless aftoi 
the data for most instructive generalizations. The opportunii- 
was improved to its fullest extent, and tables were carefully pre- 
pared, not onl}' showing year by year the statistics reported, bu* 
various summaries by coasts and grand divisions, and by countries 
and colonies, with the view of ascertaining how these exporl^ 
were affected by time, the exhaustion of material, or the openiuii 
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controlled. Against local use and waste, it is most diflScult to 
provide, and with a public sentiment favoring this common use, 
laws, however stringent, can scarcely be enforced. 

As regards private lands, including lands in charge of directors 
or trustees, the future prospects of forest culture appear to depend 
upon interest alone, and these owners will manage their estates as 
they find it to their present advantage or future profit. It is rea- 
sonable to suppose that they will be quite as jealous of this right 
as they have shown themselves to be in countries where less per- 
sonal freedom is enjoyed, and that the time is very remote in 
which any public authority may dictate when a given field shall be 
planted with timber trees, or when it shall be cleared. Fortunately 
we are wholly free from the embarrassment arising from rights of 
common usage that have so grievously tried the patience of Eu- 
ropean foresters, as the title of our private lands is absolutely 
vested in the owners. 

We regard the time as near, when the question of planting for 
profit will very generally engage the attention of the owners of land, 
not only in the prairie regions, where the want of timber is among 
the first that is felt, but also in the older portions of the* country, 
where the supply of woodlands was formerly in excess, and where 
habits of improvidence and waste must be discontinued, and 
methods of economy and prudent forethought must be learned. 

The discussions that have been had in Agricultural and Horti- 
cultural societies, and through the public press, have done some- 
thing, and should hereafter do much more, towards bringing this 
subject prominently into notice. In the State of Minnesota a 
State Forestry Association has been incorporated by law, and 
means have been placed at its disposal for stimulating competition 
by way of premiums, — not forgetting in this to excite emulation 
among the children of the public schools, and rivalry between 
counties, in the work of forest tree planting, and the formation of 
avenues of shade trees along the highways. 

In many villages in Connecticut and other eastern states. Vil- 
lage Improvement Associations have been formed, in some of 
which the benefits sought are not limited to the material adorn- 
ment of their localities, but to certain other means of intellectual 
culture and social refinement, which tend so much to add enjoy- 
ment to life, and to elevate and improve the condition of society 
generally. 



86 REPORT OF THE COMHITTEE ON 

The tendency of increasing prices in any class of commodities 
naturally leads to inquiries into the means by which the supply 
may be enlarged, and cannot fail to impress the important truth 
that seasonable provision should be made against coming wants. 
When this fact comes to be generally realized, we cannot but hope 
that the owners of land will see it to their interest to provide 
against future wants by timely investment in sylviculture, sufficient 
at least for their own use, and that incorporated companies will 
find in this an inviting field for investment for market-supply. 

In this work of promoting forest-culture, something may doubt- 
less be done by State governments, but rather in the way of inci- 
dental encouragement than by direct control. They can offer 
premiums to be dispensed by agricultural and other societies ; 
they can exempt planted woodlands from taxation, or from in- 
creased assessment on account of forest growth, and they caii 
enact laws for protecting woodlands against careless fires and 
other avoidable injuries ; they can require and regulate the plant- 
ing of trees along the highways, and in places where the public 
interest demands; they can provide for some instruction upon 
the principles and methods of sylviculture, to be taught in the 
public schools, and can aid the higher institutions of the state 
in a more thorough course of instruction in this department of 
applied science ; they can establish experimental stations, and 
encourage or direct inquiries tending to the discovery and dissem- 
ination of knowledge of practical value, and they can provide 
general laws for the formation of companies for planting and im- 
proving waste lands by forest culture. 

In respect to Forestry as taught in special schools in Europe, 
we have to remark, that while everything relating to methods and 
management, — the influences that favor or retard the growth of 
trees, or that affect the quality of their wood, — and every means 
by which labor can be lightened, or profits increased, has imme- 
diate value to us. We have little to learn from their forest juris- 
prudence, their codes, or methods of administration, because their 
laws and circumstances are altogether different from ours. 

At present we could give no employment to a class of men 
having the qualifications of those that graduate at the first-class 
Forest academies. We need a more general practical knowledge 
among the greater number, rather than the higher special training 
of a few. 
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The experience of schools of Forestry in Europe is not without 
interest to us, and we should avail ourselves of the lesson which 
it teaches without going through the process of proving. 

In most cases these institutions are under the control of govern- 
ment, and are intended to qualify candidates for the State Forest 
Service, in which, when once admitted after thorough instruction 
and due probation, they are sure of employment through life, with 
provision for support when their working days are over. In some 
cases, schools of lower grade are maintained by associations of 
land-proprietors for the fitting of young men as foresters upon 
private estates, and aspirants for this employment can generally 
gain admission to the government schools. In all of these insti- 
tutions practical labor in ■ the nursery and the forest, frequent ex- 
cursions under the guidance of the professors, and occasional 
journeys for more varied and general observation, form a regular 
and necessary part of the course, and tend in eminent degree to 
qualify the student for the practical application of the precepts of 
his lectures, and the lessons of the class-room. 

These schools may be divided into three classes : — 

1. Separate schools of Forestry, distinct from those giving 
other instruction, as at Neustadt-Eberswalde and at Miinden in 
Prussia, and at Nancy in France. 

2. Schools of Agriculture and Forestry, as at Hohenheim in 
Wurtemberg, and at the Imperial High School of Agriculture and 
Forestry at Vienna. 

3. Separate departments of Forestry in Universities and Poly- 
technic institutions, as at the Polytechnic School at Zurich, and 
the Forest-Institute in the University of Giessen. 

The tendency in Europe is apparently towards the abandonment 
of the first of these in favor of the second or third. Thus re- 
cently the Forest Academy at Mariabrunn, near Vienna, has been 
merged in the new institution we have just named in the Capital, 
and that at Aschaffenburg in Bavaria is being incorporated with 
the University of Munich. It is claimed by the advocates of this 
consolidation, that several of the branches of instruction required 
in the course upon Forestiy, such as mathematics, chemistry, 
natural history, climatology, drawing, surveying, etc., are amply 
provided for in the University ; that better laboratories, museums, 
and libraries, can be maintained and be made more widely useful 
in the larger institutions, and that the student while following his 
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special course, cannot fail of gaining a broader view of science by 
contact with what is going on around him, than he could if his 
horizon was bounded by the precincts of an isolated forest acad- 
emy. Moreover, the students in other branches of the University 
would get some knowledge of Forestry from what might come 
under their notice in that department, and the wider acquaintance 
thus formed would prove advantageous to all classes. A small 
number of special professors would be sufScient to equip any ex- 
isting University for this service, and a large saving would be 
realized in the general result. 

No school of Forestry has yet been established in Great Bri- 
tian. The government has hitherto arranged for sending to the 
schools in France or Germany such young men as aspire to em- 
ployment in the India service, but the measure has been strongly 
urged of adding to one or more of the existing universities the 
facilities needed for securing this instruction at home. The Rev. 
John Croumbie Brown, of Haddington, Scotland, has been particu- 
larly active in calling public attention to this important measure. 
We have, in our own country, the means for carrying this idea, as 
it may be adapted to our wants, into happy effect. Besides our 
colleges and universities, there is in every state of the Union a 
separate institution, or a department in one previously existing, 
in which, through the bounty of Congress, provision has been 
made for instruction in Agriculture and the Mechanic Arts ; and 
upon these should naturally devolve the task of giving such a 
course of practical instruction in sylviculture as may prove most 
useful to the country and best adapted to our national wants. 

There is not a college in the country in which a few practical 
lectures upon the importance of tree*culture, and some of the 
principles that should govern in the selection of kinds and their 
care and cultivation could not be given with advantage before the 
graduating class. The young men going out from these institu* 
tions become in greater or less degree centres of influence, and if 
impressed with the importance of the subject, they might in many 
ways promote the diffusion of correct ideas among those with 
whom they might come to dwell. 

It cannot be doubted but that the American farmer learns much 
from example. His ideas of domestic architecture, of improved 
methods of cultivation, of the value of new implements of bus- 
bandry, or in any departure from the routine of former ways, are 
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largely derived firom what he sees in successflil application around 
him. A good example becomes a model for his imitation, and in 
this way a neatly planted avenue of trees along the highway, or a 
thrifty and well kept grove, may often suggest the benefits that 
he can also enjoy, and so the example is repeated, to the manifest 
profit of the owner, and to the general good. 

Your committee has not hitherto attempted to memorialize the 
State governments upon the subject with which it is charged, 
deeming it as first desirable to collect information upon the exist- 
ing legislation of the several states, and to gather the results of 
experience as affording suggestions worthy of attention. The 
existing laws for the encouragement of tree-culture in the different * 
states are presented in full in the Congressional Report above al- 
luded to (pages 200 to 218), and excepting those relating merely 
to the planting of trees by the roadside, or to the protection of 
trees planted fbr ornament, they may be briefiy stated as follows : 

In Illinois^ the Board of Supervisors, or Court of County Com- 
missioners in any county, may offer a bounty of ten dollars per 
annum for three years for every acre planted with forest trees. 
They are not to be set more than ten feet apart, and must be kept 
properly cultivated. 

In lowa^ the sum of one hundred dollars per annum is ex- 
empted from taxation for ten years, for every acre of forest trees 
planted and cultivated, the trees being not over eight feet apart. 
The Board of Supervisors may increase the exemption to 500 dol- 
lars per acre, except for state taxes. 

In Maine^ cleared land, if planted with forest trees, is exempted 
from taxation for twenty years, the trees being set not less than 
2,000 to the acre, and kept in thriving condition. 

In Minnesota^ a bounty of two dollars per acre is offered for ten 
years for planting forest trees (excepting the black locust) on 
prairie land, the total sum in one year not exceeding twenty thou- 
sand dollars in the state. 

In Miaaourij a like bounty is offered for fifteen years, the allow- 
ance to begin three years after planting, and the grove being kept in 
growing condition, certificates and proofs being renewed annually. 

In Nevada^ a state bounty of ten dollars per acre for twenty 
years is offered for planting done within ten years after the pas- 
sage of the act (of 1877), the payments commencing two years 
after planting. 
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Ladies and Gentlemen: — 

I HAVE chosen a subject for this occasion which may appear a 
novel one to many among my audience ; but it is one which has 
seemed to me peculiarly suited to be the theme of the annual 
address of a Vice-President of the Association for the Adyancb- 
HBNT OF Science^ I hope that its novelty may not detract from 
its interest. I propose to indicate the existence of a Science of 
THE Advancement of Science, exhibiting some of the facts upon 
which it is based, enunciating some of the laws and the principles 
of that science ; and thus, as well as I may, presenting its philos* 
ophy. I propose to show, as concisely as possible, where and when 
this philosophy had its origin, and what has been the method of 
its growth. I desire to show what should to-day be done for this 
science, to indicate what seem to me the best methods, and what 
system is likely to facilitate most effectively its progress. 

Science — which has been defined by Fleming as '^knowledge, 
certain and evident in itself, or by the principles firom which it is 
deduced or with which it is certainly connected" — consists of two 
parts. As Sir William Hamilton has stated it, science is a ^^ com- 
plement of cognitions, having in point of form the character of 
logical perfection, and in point of matter the character of real 
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truth." While it is the foundation of all art, it is itself founded 
upon a precise and sure knowledge of certain of the great facts of 
nature, and upon man's power of detecting and of revealing the 
great truths which have been established by the Creator of the 
universe. These two parts are : — 

1st. Those pearls of truth which man has been able to gather, 
and 

2nd. Those chains of laws and principles upon which those 
facts are strung, and by which they are firmly connected, as the 
pearls of a lady's necklace are bound together by the silver thread 
or the golden wire which gives the precious treasure its continuity. 

All science is thus made up from the infinite number of facts 
which are comprehended in the universe of the known, and the 
to-be-known. Its existence is assured by the immutability of all 
those principles of philosophy which are woven into the connect- 
ing chain. 

The man of science, — the philosopher whose task it is to create 
and to advance all human knowledge of the great kingdom of 
nature, — is, therefore, a discoverer of facts, an observer of phe- 
nomena, a student of nature's laws. He is a systematic recorder 
of fact and a codifier of laws. He gathers the pearls of truth and 
collects the silken threads that we term principles, spins them into 
the cords, and works them into the chains upon which he strings 
his pearls ; and thus a science is formed. 

Thus, centuries before the Christian era, the '^ wise men of the 
East" were studying the motions of the stars, and of the sun and 
its attendant lesser lights, and were recording observed astronom- 
ical facts which twenty centuries later have been correlated by 
recently determined law. 

Thus, Kepler, month after month, and year after year, for the 
whole period of an eclipse-cycle, assuming one mathematical law 
after another to be applicable to the relation of periodic times of 
orbital revolution to the mean distances of the circling planets 
from their central sun, tried to fit already discovered facts to his 
various threads of principles ; and, after long years of trial, found 
the right thread at last, strung his pearls upon it, and proclaimed 
the great law which Newton confirmed when, taking another path, 
correlating larger facts with broader principles, the great philoso- 
pher proved to the world the omnipresence of the law of gravita- 
tion. 
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Thus, again, those great astronomers and wonderful mathema- 
ticians, Leverrier, and Adams, seizing upon this Newtonian fact — 
the indefinite range of the force of gravity, and of the law of 
gravitation, — proved the, till then, unknown fact of the existence 
of an enormous planet, unseen by any telescope, far beyond the 
supposed limits of our solar system, and even pointed to the very 
spot, in all the wide extent of the heavens, in which the new ce- 
lestial world was to be seen. 

But, although scientific work has been in progress during so 
many centuries, it was only in the time of Galileo, and when, two 
centuries ago, his contemporary, 

** Bacon, at last, a mighty man, arose, 
Whom a wise King and nature chose 
Lord Chancellor to both their laws," 

and when the experimental philosophy of the first and the modern- 
ized Aristotelian philosophy of the second united to form a per- 
fect whole -7 it was only then that the existing system of natural 
philosophy and physical sciences had a beginning. 

As the peripatetic philosopher had, two thousand years before, 
adopted the so-called modern system in his teachings, Aristotle 
may, with most propriet}', be called the father of that inductive 
philosophy of which Bacon was the first of later disciples and ex- 
pounders, and under which Galileo was the first modern worker 
— the first systematic experimentalist. 

It was only after this system of real philosophy had become 
accepted by learned m&n that it became possible for the various 
branches of modem science to take shape. It was only then that 
the discoveries of Galvani, the inventions of Volta and of Von 
Guericke, and the facts recorded by Gilbert, the investigations of 
Oersted and of Franklin, and the researches of the multitude of 
their illustrious successors in the present generation could give 
form to the now well-developed department of electrical science. 
It was only after this era that the application of quantitative 
methods of analysis by Lavoisier, the greatest of chemists, could 
enable his confreres and his successors to combine the facts re- 
cited by alchemists of the earlier period, the discoveries of Priestly 
and of Scheele and of Cavendish and of the later chemists, with 
the laws enunciated by Boyle and Dalton and Avogadro, to form 
a system of chemical philosophy which, still avowedly incomplete 
and even crude, covers, nevertheless, one of the most magnificent 
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fields of physical science. It was only after the inductive 
method had become recognized as the only efTective method of 
acquiring an exact and connected knowledge of the phenomena 
and the laws of nature, that mathematical sciences — although 
originating as they did in an unknown antiquity, and given form 
by an Indian philosopher and a black slave, by the Romans, the 
Greeks, and the Arabians, shaped and perfected in later times by 
Descartes, Newton, and ^Leibnitz — could be made applicable to 
investigations by natural philosophers in every department of 
their magnificent work. 

The richest fruits of this great system are familiar to all and 
have nearly all been developed within the memory of many to 
whom these words are addressed. The facts revealed by the re- 
searches of Rumford, Davy and Joule have been grouped and sys- 
tematically united by the laws revealed by Rankine, Thompson, 
Clausius, and other scarcely less eminent men ; and the science of 
thermodynamics, which has thus been created, has been applied 
and put to the proof by Him, and a hundred other distinguished 
engineers of our own time. 

Finally, it is only now l hat it has become evident that this last 
is but another branch of the universal science of Energetics which 
governs all effective forces in all departments of science. The 
man is yet to be found, who is to combine all the facts of this lat- 
est and most comprehensive of all sciences into one consistent 
and symmetrical whole, and to illustrate its applications in all 
methods of exhibition of kinetic energy. 

The grand principle which we are just beginning indistinctly to 
perceive and to recognize as underlying every branch of knowl- 
edge and as forming the foundation of all positive science seems, 
when stated, to be simply an axiom. The Scriptural declaration 
that the world shall endure until its Maker shall decree its destruc- 
tion by Omnipotence is but a statement of a principle which is 
becoming more and more generally admitted as a scientific truth, 
viz. : that the two products of creation, matter and force, and the 
fruit of their union, energy, are indestructible. 

The grand underlying basis of all science is found, then, in the 
principle that all that has been created by infinite power — matter 
and its attribute force, and all energy — is indestructible by finite 
power, and shall continue to exist so long as the hand of the 
Creator is withheld from its destruction. This law has been ad- 
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mitted almost from the time of Lavoisier, so far as it affects 
matter; it has been admitted as applicable to physical energy 
since the doctrines of the correlation of forces and the persistence 
of e^iergy became accepted by men of science, and we are gradu- 
ally progressing towards the establishment of a law of persistence 
of all existence, whether of matter, of force and energy, or of or- 
ganic vitality, and perhaps even to its extension until it includes 
intellectual and soul life. 

The truths of science are thus coming into evident accord with 
those doctrines of religious belief which are common to all creeds. 
We are, however, as far as ever from the determination of the 
question whether those higher forms of force and energy have 
quahtivalent relations and intertransformability ; although a belief 
that mind and matter have a certain identity, and that in matter 
can be discerned *Hhe promise and potency of all terrestrial life," 
has been avowed, explicitly or implicitly, by more than one great 
thinker when wandering into the realms of speculation. 

Looking back to a beginning, we see, then, that in the begin- 
ning t^ere entered upon an existence of indefinite duration a great 
universe of matter endowed with its characterizing attributes — 
the forces. These forces, acting upon a definite ouantity of mat- 
ter with definite intensity, give origin to a fixed amount of actual 
energy, and become capable of producing another fixed quantity 
of what is now potential energy. Energy thus brought into exis- 
tence remains constant in total amount as the quantity of created 
matter remains constant. 

The action of these forces upon this matter has given rise to 
every phenomenon, which has come, or which can come, within 
the range of scientific inquiry. But all known forces are seen at 
once to be capable of classification, according to their methods of 
affecting matter, into three great classes : — 

1. Those forces with which we are able to make ourselves so 
readily and thoroughly familiar that we find no difiSculty in assign- 
ing to each of them its proper place in the scheme of scientific 
systematization, and which we have found it comparatively easy 
to distinguish by their peculiar and readily observed effects. 
These include the familiar physical forces, as gravitation, electH- 
cal, chemical, and mechanical forces. 

2. The vital forces — those which are preservative of all life, 

* 

which produce and promote the growth of organisms having life, 
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and which are less easily understood, more difficult to study, and 
far less subject to the modifying power of human action, than are 
those of the first described class. 

3. The forces of the soul ariS of the intellect — those most won- 
derful and most mysterious of all known forms of force, — forces 
of the nature of which we know nothing, and of the effects of which, 
actual and possible, we have the least comprehension. 

4. That master-power. Omnipotence, which is the source and 
the sustainer of all forces and of all existences. 

By the stud}*^ of the universe as it now exists, philosophers are 
led to perceive that its present state is such as would have resulted 
had the various forms of matter with which we are surrounded, 
and of which we ourselves are corporeally formed, and had other 
existences which we suppose to form a part of our universe, been, 
at the beginning, so distributed by the Creator and so placed in 
reference to the several kinds of forces that the former, acted 
freely upon by the latter, should, by a continuity of never-ceasing, 
ever-progressing change, take those infinite variations of growth 
and all that inconceivable variety of shapes that have been sup- 
posed to have been, by the process called " evolution," brought 
into the visible universe ; and which still continue to illustrate the 
mighty and incomprehensible power of Him who is the Author 
and Preserver of all. It is thus apparently under the action of 
these forces upon this matter that the Creator is forming a uni- 
verse out of chaos, that the seen and the unseen wonders of all 
worlds are exhibiting the marvellous intricacy of his plans, and 
the yet more marvellous simplicity of the means by which He 
accomplishes His inscrutable purposes. 

Studying the accessible universe as far as we are^ permitted in 
greater detail, we find that each of the various kinds of forces set 
at work to modify the position and character of matter has a spe- 
cial part to play, a peculiar work to do ; we find that the first 
class has a sphere of operation which is fully within the reach of 
our senses ; that the second class of forces is also, to a certain 
extent, familiar to us through a knowledge of their effects ; but 
the last two of these several classes of forces existing in nature 
are, as yet, quite beyond our ken. We are too utterly ignorant to 
do more than speculate, and our speculations, like nearly all spec- 
ulations, will find no more directly profitable result than those of 
our Greek predecessors in that '^unknowable" field. 
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There is no beginning, even, in a real scientific, moral, and in- 
tellectual philosophy. We have found no quantitative measures 
of those forces or of their effects, and no definite principles are 
known which control their action. Those forces must, seemingly, 
be left entirely to our successors. The last named, Omnipotence, 
is beyond the range of imagination even. 

But, studying these forms of manifestation of force which are 
divided between the first two classes just mentioned, we at once 
perceive a distinction which is as well defined as is the line sepa- 
rating the tw^o classes of phenomena to which they give rise. 

The PHYSICAL FORCES — and I intend here to include the me- 
chanical and chemical, as well as the forces which are usually 
alone treated of in works on physics — are capable of being ob- 
served, of being distinguished by certain readily defined qualities 
and of being accurately measured quantitatively. The conditions 
which lead to their active display are capable of being exactly as- 
certained, and the precise. results of their operations under any 
given set of conditions may usually be accurately predicted. 
These conditions are subject to certain definite modifications by 
the power of man, and the changes of effect which will result from 
such changes of condition may be predicated. The effects which 
nature produces in certain cases by the action of these forces may 
be modified by man without entirely defeating the original ten- 
dency to bring about a certain change of mode of action of exist- 
ing energy. These forces, acting alone, never give rise to the 
more intricate forms seen in nature. Tlieir highest product in the 
whole morphological range is a crystal of more or less perfect 
shape, but of a form which is always of some simple geometrical 
class. These forces do not exhibit the play of definitely directed 
energy tending to effect a perfectl}' well defined, though remote, 
result. Their effects are the accidental and the incidental, so far 
as the more wonderful and most intricate of the operations of 
nature are concerned. 

The VITAL FORCES, on the other hand, effect operations which 
human power can onlj^ touch to impede or to destroy. They have 
for their mission the creation of strangely complicated and curi- 
ously organized structures, in which are stored certain definite 
amounts of energy, and which are given a power of acquiring and 
of applying extraneous energy, in probably also definite amount, 
to the accomplishment of certain tasks. Man may modify their 
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operation and may produce some change in the phenomena which 
tliey are appointed to bring about ; but it is only by deranging 
their action. He can roar their work, but cannot directly aid 
them. That store of vital energy which was created in the infinite 
past, and whicli is now passing through one after another of tlie 
forms of life, new and old, which are daily, hourly, momently, 
coming into the field of our cognizance, and as constantly disap- 
pearing from view, is continually developing organisms of eveiy 
grade from the simple life-seed, if such exist — from the basic 
protoplasm — to the human ruler of them all, and man can only 
touch to distort, to stunt, or to destroy, the beautiful, the wonder- 
ful, the incomprehensible creation. As all this comes to his won- 
dering mind, he sees that physical life is to man an existence 
which he can affect only for evil, and an unimaginable enigma 
which he can never hope to solve. 

Of these two sets of forces, the one is blind and aimless, unin- 
telligent as to the direction of its efforts, indifferent as to its re- 
sults, and is governed by laws which, under all known conditions, 
are as simple as they are invariable. The other set appears to 
act at all times upon a definite, far-reaching plan, and these forces 

« 

set themselves intelligently about the production of the most ele*- 
gant and intricate of designs, and the elaboration of the most 
wonderful and m^'sterious of organisms. It is only in the struc- 
tures which are their work that the strange, the incomprehensible 
phenomena of life are exhibited to the intelligence which vainly 
endeavors to understand them. 

In studying the universe, therefore, we are naturally led to the 
division of all human knowledge of that portion with which we 
here are concerned, into two great departments, and it is this divi- 
sion of the ^^knowable" part of nature that has determined the 
corresponding division of the American Association for thk Ad- 
vancement OF Science into two principal sections, to which are 
respectively assigned the two departments of physical and of bio- 
logical science. 

Having thus surveyed the great field in which we are all work- 
ing, we are now prepared to ask : — 

How are these two great departments of science to be most 
satisfactorily organized for future work? 

How is our knowledge in both sections to be most surely and 
rapidly extended ? 
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What is the best way to set about a work, which we may be sure 
shall never come to an end so long as the world endures^ with 
greatest surety that time and energy shall not be wasted in the 
exploration of devious paths leading to no useful end — Cretan 
labyrinths to the unhappy explorer or— lost in the indirect attaio- 
ment of points, to whicl^ straight and easy paths may be found? 

How shall time and laboa*, talent and energy, find their highest 
reward ; how most greatly benefit the human race? 

We see at once that the methods properly applicable are nearly 
the same in both departments, but yet that there is a certain dif- 
ference. 

The physical section is distinctively one of experiment, one 
which does its work by the inductive method. It is almost invari- 
ably able to proceed to the solution of the problems which are 
presented to it by direct experiment, and to apply crucial tests 
and the touchstone of experience in every part of its work. 

The other section is as distinctively a department of observa* 
lion, and the opportunity to solve its problems by deducing con- 
clusions from an experimental basis of fact is far more rare in 
the biological than iu the physical section. It is compelled to 
rely far more upon simple observation of suck phenomena as na- 
ture may happen to present, than in the latter. Indeed, it is 
almost never able to adopt the most prompt and most satisfactory 
of methods. Yet both methods are applicable in some degree in 
both divisions. 

But whether the work to be done falls within the province of the 
experimental sciences, or within that of the sciences of observa- 
tion, deduction always follows observation and experiment, and 
the requisites for most satisfactory advancement of knowledge are, 
in the main, the same. 

To secure most perfectly the advancement of science in all 
branches, and to attain our ends with a minimum of waste of 
time and energy, it is evident that the first necessity is a body of 
skilled workers in each department proportionate in numbers and 
in intellectual power to the extent and the difflculty of the work. 

The first step is the observation of phenomena with the noost 
perfect and critical accuracy, and the statement of facts quantita- 
tively and with absolute precision, even though, as is often neces- 
sarily the case, they are detached and apparently without mutual 
relation. 
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product or all this talent and sttidy to the world at large. It ia: 
the teitcher of youth working in the primnry or the high school, in 
the college, the technical school and the university, who has made 
oiir hoys and our girls, our young men and our maidens, familiar 
with the elements of established science, and who has given ua- 
those disciples from among whom have arisen tlie men we most 
delight to honor. 

It is true that our greatest men of science have usually been 
teachers ; and it is true that our noblest teachers have often enti-, 
tied themselves to enrolment among men of science. , Suuh men. 
have taken up two of tlie most honorable of the professions and 
have earned for themselves a donble share of glory. 

Strictly speaking, however, the two fields of labor are quite dig-: 
tinct. To unite them is to divide the enei^ies and to distract the^ 
mind of one who is fitted to become truly great in only one of the- 
two departments. 

A complete sj'stem which shall be a real ScrRNCE OF the Ad-, 
TANCKMENT OF SCIENCE thus is soen to iuelude : — 

1. Observers, discoverers, and collectors of fact, — explorers in 
the field of research. 

2. Systematizers of law and of acquired knowledge, — creators: 
of philosophy. 

3. Teachers of science. — expounders of the law and instruc-. 
tors of students of natural phenomena. 

Each of tliese classes demands, as essential to the proper per-i 
formance of its work, a cerlniu, and often a large, amount of appa- 
ratus, and there arises a necessity therefore for an ample supply of 
material and assistance fVom those who are able to do their best 
work in the collection and application to scientific purposes of 
this needed capital. 

There remains, therefore, an independent class, among whom 
are enrolled such men as Von Renselaer, Cornell, Thajer, Wash- 
hum. Ijiwi-dnnn. SlmfflBM HnaB Ktevcns, and oUieTS, who have 
conferred inestimable heneQta. 
a class;;— 

nor gained by the endowment 
work -comprehends the noblest 
: most intelligent beneficence., 
phy we have seen that science 
that her earliest records were 
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made before the bistorian was competent to presence tbcm satis- 
fketorily. The Glialdean astrologers were snob accurate obscrversv 
that, as 'Draper tells tis in his noble work on the intellectnal devel- 
opment of civilization^ their estimate of the length of the ^^Saros/ 
tbe cycle of eelipses— »a period of more than nineteen years,— 
was ^^ within nineteen and one-half minutes of the truth." Yet, 
until the time of the great Ptolemy that essential want, a codifi- 
cation of known astronomical facts and laws, remained a want 
ansjupplied. The East Indians studied algebra, and the Greeks 
studied geometry, but it required a Diophantus and a Euclid to 
give form to those branches of mathematical 'science. Aristotle 
declared the principles upon which all real progress in science 
must be based ; but it was only when Bacon explained those prin- 
ciples, and when Galileo and Newton illustrated their application, 
and when the art of printing Imd made explanation and illustra- 
tion available, that the growth of natural science actnally became 
perceivable. It was only then that experimental science found 
practitioners. Previously, all scientific work had been that of 
observation. 

Some of our methods of promoting the advancement of scien- 
tific work, however, originated at a time which antedates the 
Christian era. We find recorded a. description of such methods 
in early accounts of the great Alexandrian museum, when, after 
the death of the Greek conqueror of a world, his overgrown realm 
had been ap|>ortioned among his successors, the greatest statesman 
of them all — that Ptolemy to whom was given the wealthy prov- 
ince of Egypt— founded the greatest technical school and college 
of the sciences which has existed dni-ing the whole historic period. 

It had for its declared object the collection of all learning, the 
promotion of the study of all literature, and of all the arts and 
sciences, the stimulating of all research, and the advancement of 
every branch of human knowledge. 

To secure the object for which it was established, agents were 
sent abroad into the whole then known world to collect books, and 
scribes were employed in the museum at Alexandria copying such 
as could be borrowed from their owners but not purchased from 
their foi'tunate possessors, and in reproducing copies of those in- 
tended for distribution or exchange. Philosophical apparatus, of 
the rude but often useful forms then known, was collected and in- 
trusted to skilful observers and experimentalists. 
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A Faculty was organized, ^ which consisted of the most learned 
men of the time. They, were assigned to sections in each of four 
principal departments — astronomy, literature, mathematics and 
medicine. Their lectures were delivered to an immense body of. 
students^ sometimes numbering several thousands, and these lec- 
lectures, collected and published, constitute a splendid monument 
to'the great men who produced them. 

It was in this splendid institution, beside which our modern uni- 
versities are dwarfs in magnitude, thongh happily not in attain- 
ments, that Aristotle first declared the true scientific method. It 
was here that Euclid perfected plane geometry and left it in the 
form in which it is still taught in our schools. It was here that 
Ptolemy studied asti'onomy and that »atosthenes and Hipparchus 
taught that gi'andest of all sciences of observation. It was here 
that the first scientific engineer, Archimedes, acquired a name that 
is forever imperishable. It was here that Ctesilus explained to 
his wondering pupils the principles of the clepsydra, illustrating 
the laws of hydraulics bj^ the water clock. Here it was that Hero, 
following his distinguished tutor, studied and taught the principles 
and observed the peculiar phenomena of pneumatics and of water- 
pressure, and illustrated the earliest known application of the now 
familiar power of the real " Mist God," our modern steam giant, 
opening temple doors and performing many curious feats by the 
power of steam. 

The destruction of this great university, begun by the soldiers 
of Caesar's armies and completed, long afterward, by the barba- 
rous Saracen invaders of Egypt, might well signal the approach of 
the "Dark Ages," and the return of the world to that state of in- 
tellectual torpor from which it had been so gloriously emerging. 

But learning never dies ; and the revival of science, of litera- 
ture, and of art in the lands conquered and ruled by these same 
Saracens, centuries later, and its introduction by them into West- 
ern Europe, formed the next great era in the progress of the world 
toward civilization. Since then, and since Bacon and Galileo, 
and Newton and his contemporaries, took up the mantle let fall 
by those earlier men of science, knowledge has never ceased to 
advance with continually' accelerating speed. We may now feel 
confident that the world will never again see a succession of Dark 
Ages. 

1 Draper. 
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secure to science that assistance from the man of the world and 
the man of business, upon which he is, willingly or unwillingly, 
very greatly dependent. There is certainly no more cheering sign 
than that change which has been going on in these later ^-ears : 
the growing inclination of these two great classes to countenance 
each other, and to ask and to render mutual aid. 



Now we come to the vitally important, the practical, question : 
What are we to do? What methods and plans are to be initiated, 
and how are they to be carried out by men of science and 
friends of science to secure its advancement, and to-aid the diflfu- 
sion of knowledge and its applicq,tion ? How can we best acquire 
knowledge of facts, a comprehension of laws, an understanding of 
their order and their relations in nature's code? and, if so much is 
to be permitted us, how may we hasten that great day when the 
sciences, now apparently isolated and unconnected,, shall be seen 
to form parts of one magnificent system — each interlinked with 
others and no one isolated — a system to which all are essential, 
as the perfect and symmetrical and endless links of chain armor 
must combine to make one complete and infrangible whole ? 

The method to be adopted is easily stated. It is simple, com- 
prehensive, effective. It secures the maximum efficiency of the 
individual and it includes the creation and the administration of 
organizations in which numbers assist, by combined effort, the 
acquirement, and the diffusion, of knowledge, and the application 
of the sciences to the moral, the intellectual, and the social advan* 
tage of humanit3\ 

The Science of the Advancement of Science dictates that 
we shall seek : 

1. To determine what are the most promising and most impor- 
tant directions of exploration in the great universe of the ^^ know- 
able." 

2. That we shall endeavor to find young men fitted by nature and 
led by their own inclinations, to become successful observers, dis- 
coverers and philosophers ; such men are as rare as are true poets, 
— aid them to gain positions in which their talents may have full 
scope, and assist them to make known the results of their labor. 

3. That we make it a part of our work to obtain for these in- 
vestigators Uie means of research and the material aid which are 



58 ADDRESS OF 

necessitated by that rapid and ever accelerating advance of knowl- 
edge for which we are so greatly indebted to them ; to seeni'e the 
endowment of schools of science, to obtain a more complete or- 
ganization for schools alread}' established and liberal provision of 
apparatus and material for every investigator. 

4. That we seek to improve our methods of instruction in sci- 
ence, to introduce into our educational 83'stems a better scientific 
curriculum, and far more extended courses, both of pure and of 
applied science, and to make the position of a teacher of science 
a far more desirable one, viewed from the world's standpoint, than 
it has vet become. 

5. That vre make the organization and the operation of our 
academies of science, and of our societies for the advancement of 
science, far more thoroughly effective. 

6. We have especially to exhibit the fact that there exists be- 
tween the man of science and the man of business a community 
of interests ; the fact that he who accumulates wealth is largely 
indebted for his success to him who is nnscltishly revealing those 
secrets of nature without a knowledge of which he and the world 
about him would be to-day in the lowest state of barbarism and 
the fact, on the other hand, that it is only by the [)Osse8sion of 
such means as only wealth can furnish that science can have 
growUi, — that the astronomer can study the wonders of the hea- 
vens, that the chemist can pursue his researches among the mys- 
teries of molecular combination, or the physicist investigate the 
beautiful and the most wonderful phenomena which are illustrated 
in the discoveries and inventions which are now so rapidly suc- 
ceeding each other. 

Men of science and educated men of the world must be brought 
to know^ more of each other, and must be held in bonds of closer 
relationship, if we are to secure the maximum of efficiency in 
methods of promoting science, and of securing to mankind its 
greatest benefits. The endowment of schools of science must pre- 
cede the gathering of the fruits of research ; but the endowment 
of schools must be preceded by the enlightenment of the pos- 
sessors of wealth, and by the awakening of their interest in scien- 
tific work. The American Association for the Advancement of 
Science has been exceptionally foilunate in securing an apprecia- 
tion among its members of this community of interests. No ex- 
isting organization has done more — perhaps it would be just to 
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6ay, none has done as much — to bring together, in harmonious 
working relations, these two classes: the men of science and the 
non^professional lovers of science. 

When such a system of promoting the advancement of sciencei 
as I ba\'e made a weak effort to descnb^, shall have become famil« 
iar to all for whom the philosophy of nature has an interest, and 
when individuals and scientific organizations shall endeavor me- 
thodically to work by it, we shall,, .we may expect, see a new revi« 
val.of leai'ning* Let us hope that we may see this later intellect 
tual renaissance occurring in our own time. Let us hope that a 
century in which that great- investigator, Sir Humphrey Davy, 
brought out what be claimed to be his greatest discovery- 
Michael Faraday — shall see even nobler work done by many later 
Dav3's and Faradays ; that the century that, in its early years, saw 
the splendid achievements of men like Young, like Rumford and 
Cavendish, like Laplace, Lagrange, Fourier and Carnot, of men 
like Gauss and Magnus, and like our own lately lost Henry — that 
this century may yet prove even more proliSe of such noble sons. 

Let us have faith that an age which still bcMsts of men like 
Thompson and Joule;, Helmholtz and Kirchhoff, of men like Pierce 
and the long list of his successors to the presidency of this Asso- 
ciation — ail of whom have won that distinction by their works— 
that such an age shall see. the science founded by Rankine and 
his colleagues correlated to the other branches of energetics, shall 
see the wonderful industrial revolution inaugurated by Watt and 
Stephenson, and Fitch and Fulton and Stevens, by. Arkwright 
and Howe and Richard Hoe, and by Henry and Morse and Wheat- 
stone, completely effected ; and the people, relieved f\*om the 
distresses unavoidably attendant upon such great social changes, 
happily settled down to the peaceful and contented pursuit of 
their legitimate aims in life — to the peaceful acquirement of the 
comforts and luxuries of life, of the blessings of education and 
culture, and to the pursuit of all the refined pleasures which are 
within reach of an enlightened people. 

We shall, we may be sure, then see in each advancing year more 
of the beneficent infiuence of the advancement of science. Dls- 
ttoveries will succeed each other with ever-increasing rapidity ; the 
now independent sciences will interweave themselves more and 
more thoroughly, gradually aggregating into a shapely and perfect 
whole ; the foundatioa of schools of Bcience will become yearly 
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more frequent, and systems of instruction will be continually im- 
proved, until the progress of scientific knowledge, among people 
seeking it, will be limited only by the rate of advance of experi- 
mental science. 

It is not too much to hope, even if it be too much to expect, 
that those among us who ma}' be favored with life to the end of 
the nineteenth century may witness wonders beside which those 
of our telephones, and our phonographs, of our microphones and 
the star-detecting tasi meter, shall seem commonplace, beside which 
the **noe perfecting press," the present locomotive engine and the 
mightiest of modern steamships, will appear as rude as now do to 
us the press of Franklin, the halting colliery engine, or John 
Fitch's steamboats — the wonders of the beginning of this period. 

In effecting all these changes, in the production of every im- 
provement, of every advance in civilization, of everything that 
aids the human race ph3'sically, socially, intellectually, and even 
morally, the part to be taken by the man of science has an impor- 
tance which cannot be exaggerated. He is to furnish the worker 
in every department of life, a knowledge of the facts and of the 
laws of nature upon which every profession and every trade is 
based. His is the noble mission to studv the works of his Maker. 
To him alone is it given to read the great book of nature — the 
only commentary upon God's written word — and he alone can 
authoritatively respond to that impressive question, "What hath 
God wrought?" whether asked by priest or layman or the profes- 
sional theologian, and whether it has reference to the world visible 
to the eye and to the processes in operation all about us observ- 
able by the senses, or to those opposite infinities which are only 
opened to us by the microscope and the telescope. 

The mission of science is one the scope of which we cannot 
iliUy comprehend and appreciate ; but every worker in science and 
every lover of nature may at least see that it is important that 
we should more thoughtfully study philosophic methods of sci- 
entific advancement, and seek in every possible way to aid inves- 
tigators in their work, to encourage the philosopher, to promote 
the work of educators, and to reward him who embodies in useful 
inventions the principles made known through the progress of 
science. It is by the study of the Science of Science- Advance- 
ment that we shall most effectively prepare ourselves intelligently 
to proceed to do our share of this great work. 
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Friction and its Laws, as detekuined bt recent experi- 
ments. By E. H. Thurstok of Hoboken, New Jersey. 
iNTRODUCTORt. — The generally accepted "law of friction" as 
stated in the text-books is the foUowiiig : , 

The resistance ofTeied by friction where two bodies, forced into 
contact, slide one upon the other, is diractly proportional to the. 
pressure and is independent of tbe area of rubbing surface and 
of the velocity of rubbing. 

This law, allbough approximately correct for solids sliding one 
upon another, provided no abrasion takes place, is quite incorrect 
beyond that limit. It is also entirely incorrect as applied to 
lubricated surfaces ; in this case the resistance follows an entirely 
different law. 

Where two nibbing surfaces are lubricated with oil, it is obvious 
that, the two surfaces being separated by a fluid film, the resis- 
tance to their relative motion is not due entirely and, perhaps, 
may not be at all, to friction of solids, but may be produced by 
the resistance of the fluid to molecular disturbance, since, with 
good lubrication, the solids may be kept apart and out of contact 
with eacit olber by an interposed film of lubricant. It is therefore 
evident that the resistance to motion may follow a law interme- 
diate between that governing the friction of solids and that of fluid 
ily as the lubrication is 
ids is more complete. 
je noted to the law gov- 
ances : 

e, the unguent is forced 
asion occurs, producing 

(61) 
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2. WUen the pressure is dimiRisbed, a limit is finally reached at 
which the resistance to motion is tine to tlie viscosity of the 
nngiient, aud tliis is still effective even when the nibbing parts are 
relieved or all pressure. The law of variation of resistance is 
ttien tliat of fluid friction purely. 

Refening to the tesl^t>oolcs and mannals in which this subject is 
treated, it will i»e seen that these faots are not recognized and 
that tables of "co-efflcients of friction" are given, in which 
figures are presented which hare been obtained by experiment 
under conditions which differ widelj' from those generally observed 
in the ojieration of mechanism and particularly of heavy machin- 
ery. 'Die question naturally presents itself, therefore: Are the 
values of the co-eincienls of friction there given and heretofore 
generally accepted, correct and invariable? are they not possibly 
Terj- far from correct? 

The writer determined, some ten years ago, to investigate the 
mbject, first securing the conditions usual in practical work. It 
was only several years later, however, that he was able to com- 
mence the investigation, some of the results of which are to be 
here presented. 

The Apparatus. — The first problem which was attacked was 
rig. 1. rig- ». 



the invention of an a]>parata^ 
demanded could be secured 
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desired results obtained with scientt6c accaracy. Tins was done 
and a machine^ was constructed as shown in figures 1 and 2.^ 

In this piece of apparatus, as devised by the winter, it was 
attempted to secure a means of placing the lubricant under pre- 
cisely the conditions of actual service and, at the same time, to 
provide facilities of observing its behavior and of obtaining exact 
data. It was therefore made to consist of a testing-journal, F^ 
which was a hollow shell carried on a spindle resting in its own 
bearings, jB, B', and driven at any desired speed by a cone-pulley, 
C The hollow cylindrical test-journal, F, was made sometimes 
of iron, cast or wrought, and sometimes of steel, and was grasped 
by a pair of ''boxes," or bearings, G^ G\ of bronze or other metal 
which formed a part of the weighted pendulum, H^ Hy J, /, de- 
pending from that journal. The pressure was made adjustable at 
pleasure by means of a spring compressed to the required tension 
by a screw, K, and was read off on the scale, M, iV, Fig. 2. This 
scale reads pounds per square inch of longitudinal section of the 
bearing on the one side, and total pressure in pounds on the other 
side of the pointer, M, 

A thermometer, Q, inserted in the upper " brass," (?, indicates 
the temperature of the bearing. 

The main-spindle bearings, 5, 5,' are carried on a standard, J9, 
and base, E, and the standard furnishes a support for P, P,' the 
graduated arc traversed by a pointer, 0, 0,' attached to the 
pendulum, £1, 

As the journal turns, the friction in the boxes, (?, (?,' of the 
pendulum, causes the latter to swing out* of the vertical line until 
its moment of resistance is equal to the moment of friction, the 
pointer, 0, traversing the arc, P, P,' and indicating the value of 
the frictional resistance by pointing to a figure which represents 
the resistance (in pounds) offered to sliding by the rubbing 
surfaces. This figure is the quantity, F, and the pressure read at 
the same time on the scale 3f, -Y, is the quantity, Wy in the stand- 

ard expression f=-^r= the co-eflScient of friction. 

The machine can thus be made to work at any desired pressure 
on the test-journal, and can be driven at any speed ; while, at any 
instant, the temperature of bearings and the friction, both the actual 

) This machine was exhibited at the Centennial International Exhibition^ 1876, by 
the American Society of Civil Engineers. See R. R. Gazette, 1878. 
'From tlie ScientiHc American. 
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and the co-efl3cieiit, can be read. By placing a standard quantity 
of each of the lubricants . to be compared on the journal, and 
observing the periods of time, the numbers of revolutions made, 
or the temperature attained with each, measures are also obtained 
of their endurance. These machines have been employed several 
years in the Mechanical Laboratory of the Stevens Institution of 
Technology, and a large amount of work has there been done with 
them. 

The Theory of the Machine is as follows : 
Let R = radius to centre of the weight on pendulum. 
F=. force due to weight of arm. 
r =z radius of journal. 
" Z = length of journal. 
" w =z weight of pendulum complete. 
" P = total pressure on journal. 
" ^ z= pressure per sq. inch of longitudinal section. 
" 2^= tension on spring. 

" ^ = angle between arm and a perpendicular through axis. 
*' / = co-efficient of friction. 
" Q = total friction. 
When 8 is equal to 90% 

FE=:Qr (1) 

and when any other angle 

FE sin e=:Qr (2) 

Solving equation (2) with respect to Q 

Q^FRpnl^ (3) 

The co-efficient of friction is 

= rP ' W 

The pressure per square inch is 



^ — 4/r — 4/r » \^) 

from this last equation the graduations on the right hand side of 

the index-plate are deduced. 

From the equation 

N= 4plr (6) 

the numbers on the left hand side are determined. 
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B}' substituting in equation (1) the value of Q, in terms of the 
co-efficient and total pressure, it becomes 

FR=f{4:plr)r. (7) 

Solving with respect to / equation (7) becomes 

FR 

From the numerator of the second member of equation (8) the 
graduations on the arc are deduced. 

In applying the foregoing equations to the machine seen in the 
engraving, the following numerical values are given to the respec- 
tive symbols :— 2?'= 2-5 lbs. ; JB = 10 in. ; r = -625 in. ; l=z 1-6 
in. ; 4Zr= 3*75 sq. in. ; w=i6 lbs. Also a compression of If 
inches of the spring corresponds to a tension of 100 pounds; 
hence, for each pound*s tension the spfing will be compressed 
•01375 of an inch. 

The graduations on the right hand side of the scale are obtained 
from equation (4), 

p = i^. (4) 

The first graduation will naturally be that value of p where T is 
equal to 0, which value is 1*6. 

On other machines in use in the Mechanical Laboratory of the 
Stevens Institute of Technology, other proportions were adopted. 
The largest machine is three times the size of that above de- 
scribed and is provided with a testing-journal which is a copy of 
the standard car-axle journal of the Pennsylvania Railroad Co. 

Investigations. — A very large number of lubricants have been 
experimented upon in the Mechanical Laboratory, and the co- 
efficient of friction has been determined for a wide range of tem- 
peratures, pressures and velocities. 

No special investigation of the method of variation of friction 
with speed has been here made until since this paper was com- 
menced, as that problem had already been attacked by Prof. Kim- 
ball, of Worcester, in this country, and by Profs. Jenkin, Ewing 
and others abroad. 

Fbiction with vabting Velocity. — The last-named observers 

suggest that there probably exists a law of increase of friction 

with decrease of velocity which holds good throughout the whole 
A. A. A. s., VOL. xzvn. 5 
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Tests of the journal made after this series of trials proved it to 
be in the same condition as at starting, showing that all the above 
data are probably perfectly reliable. 

Studying tiiese results and comparing them with those obtainep 
at a lower range of velocity and within » more restricted range of 
pressure by earlier investigators, it becomes apparent that, at 
these pressures and speeds and under usual conditions of journal 
surface, the friction increases slightly, but observably with increase 
of speed. It would thus appear that, after reaching the minimum 
value, as in Kimball's experiments, the co-efflcient increases again, 
and not improbably indeBnitely. 

The temperature of the journal influences in a marked manner 
the frictional resietance, a fact which does not seem to have been 
previously understood, and the above series of measures were 
therefore all taken at the same temperature, the journal running 
about as warm as does an ordinary car-axle journal usually. 

Friction at Varyisg Tempebatukes. — T)ie following data were 
obtained by beating the bearing by its own friction to a maximum, 
175° F., well within that liable to produce alteration of the oil, 
and noting the friction at successive temperatures while cooling. 
It should be remembered that no temperature readings can be 
taken as more than approximate. 

FaicnoN AND Tehfekatcbbs. Thobstoh. 

Sttet Jimraali; Btaringt of Brome; Lubricant Sperm OB. 



68 



FBICnON AND ITS ULW8 ; 



Pressure 


Temperamre 


Co-efficients 


lbs. per sq. in. 


Fahr. 


of Friction;/. 


200 


130** 


00160 




. 120** 


00110 




110** 


0-0100 




100** 


0-0075 




95** 


0-0060 




90** 


0-0056 


150 


110** 


0-0035 


100 


44 


0-0025 


50 


44 


0-0035 


4 


44 


0-0500 


200 


90** 


0-0040 


150 


44 


0-0025 


100 


44 


0-0025 


50 


C4 


0-0035 


4 


44 


0-0400 



The figures jast given woald indicate that the sperm oil used in 
this instance and under these conditions works best at lowest tem- 
peratures, and that a heating journal gives rapidly increasing 
friction and rapidly increasing danger. At usual temperatures, 
90** to 110** F., the best pressure seems to have been from 100 to 
150 pounds on the square inch. 

The following data were similarly obtained : — 

FBicnoN Aia> Tehfebatubb. Thurston. 

Steel Journal; Bronze Bearing; Sperm Oil, 
Velocity 30 feet per minute. 



Pressure 
lbs. per inch. 


^Eemperature 
Fahr. 


/ 


150 


150** 


0-0500 




140** 


0-0333 




130** 


00200 




120** 


0-0110 




110** 


0-0033 




100** 


0-0028 




95** 


0-0025 




90** 


0-0025 


100 


150** 


0.025 
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PreBsnre 
lbs. per inch. 


Temperature 
Fahr. 


/ 


100 


140* 


0016 




130* 


0-0049. 




120* 


0-0044 




110* 


0-0037 




100* 


0-0031 




95* 


0-0031 




90* 


0-0031 
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Here it is seen that the best running temperature, for these 
pressures and this slow speed, is below 100* F., and that a mini- 
mum is reached at the lower temperatures given. 

The sudden ^and immensely great change of value observed 
near this limit, as at 130*~140* in the last set of figures, and at 
120*-110* in those for 150 lbs. .pressure, is a very striking and 
quite unanticipated phenomenon. It would seem that there exists 
what may be called a ^^ critical temperature,'* above which it be- 
comes very unsafe to run. This limit is not far from 100* for a 
pressure of 200 lbs., 110* for 150 lbs., and 130* at 100 pounds 
under the conditions above given. 

The Influence of Change of Pbessubb, at constant speed, is 
the most marked and the most important of the variations noted 
by the writer. Engineers and physicists have been accustomed 
to apply the co-efficients determined by Gen. Morin to all cases 
indiscriminately, and even so eminent a writer and engineer, as 
well as philosopher, as Professor Rankine quotes the following 
without qualification^ : — 

SUBFACBS. 

* / 1:/ 

Smooth surfaces, occasionaUy greased, 4* to 4i* *07 to '08 14*3 to 12'ff 

** ^* continually greased, 8* '05 20 

** ** best results, l}*to2* '03 to -036 83-3 to 27*6 

in which the value of / for machinery is from 0-03 to 0-5 ; while 
the writer has found it to vary from a value several times greater 
for very low pressures, to values less than one-tenth the minimum 
just given for very great pressures, under conditions otherwise 
constant. 

This is seen in the table already given to exhibit the eflfect of 
varying friction. It is still better shown that the co-efficient 

* steam Engine and Prime Movers; p. 15. 
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f^ (HHBOKKiIy aJopctid ooouidons^ in which 6 := 0-02 pretty nearly. 

'rh^ vaiu*} of the oij-^ifieient at the mstant of stopping, wh«i a 
sudd<^n juuit> always Qct:urs> is n^uiy constant. In the aboye 
4jU?t»iltjd js*j(i of ^xyertmeniSv it was f =z 0-03. 

K*>vk*wiu^ what hjis b«en stated^ the following ccmclnsions 

I. Ihat th^ Yaliw of the co-efficient of fiiction is Tariable 
*HtIy uud oit^a imj^uiarly hv changies in the charact^^ of the 
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rubbing surfaces, and in the method and material adopted in lubri- 
cation, and by changes in temperature, pressure or speed. 

2. That the co-efficient varies usually with changes of velocity 
of rubbing, where smooth journals are well lubricated, nearly as 

the fifth root of the speed — /« yv. 

3. That its value for motion, under similar conditions of 
smoothness and of lubrication, with fairly approximate accuracy, 

varies inversely as the square root of the pressure — f^YF* 

4. That the co-efficient at starting, i, e., that for rest, varies 

approximately directly as the cube root of the pressure — f * \/P. 

5. That the value of the co-efficient at the instant of stopping 
is uncertain, but probably invariable by change of pressure — 
/" = constant. 

6. That we may express the value of the co-efficient of friction 
for good journals, well lubricated with sperm oil, by 

6 

yp 
in which c may be taken at all usual pressures and speeds for 

heavy machinery, in good order, as approximately 0'16, but varying 

as some undetermined function of temperatures as well as with 

pressures and speeds. 

7. That each lubricant gives best results at some one temperar 
ture which is modified by change of composition and by the con- 
dition of the journal and rate of speed, as well as by variation of 
pressure. 



Experimental Determikation op the Velocitt of Light. By 

Albert A. Michelson, U. S. N. 

« 

Considering the importance of this physical constant as one 
of the simplest and most accurate means of ascertaining the dis- 
tance of the sun from the earth^ it seems surprising that but three 
scientists have sought to obtain it experimentally. 

These were Foucault, Fizeau, and more recently Cornu. 

Foucault used the method known as that of ^^ Wheatstone's re- 
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Yolving mirror/' the application of which was first suggested by 
Arago. 

. Fizeaa and Coma both used another method, known as that of 
the '' toothed wheel/' 

In Foacault's experiments the distance traversed by the light 
was 20 meters. The result obtained was 185,200 miles per 
second. Coma's stations were aboat 14 miles apart. The resalt 
obtained by him was 186,600 miles, which exceeds the former one 
by 1,400 miles. 

The objection to Foacaalf s method is that the displacement, a 
qaantity which enters directly in the formula, is very small, and 
therefore difficult to measure accurately. The objection to Fizeau's 
is that the time of total disappearance of the light was necessarily 
uncertain. 

The object of the experiments which I have undertaken is to 
increase the displacement in the first method. This can be done 
in several ways: — Ist, by increasing the speed of the mirror; 
2nd, by increasing the distance between the two mirrors ; 3rd, by 
increasing the radius of measurement, t. 6., the distance from the 
revolving mirror to the scale. 

In Foucault's experiments the speed of the mirror was 400 turns 
per second; the radius of measurement was about one metre, 
and the distance between the mirrors was about ten (10) metres. 
The displacement obtained was about 0*8 millimetres. 

In my experiments, the speed of the mirror was but 130 turns 
per second — but the radius of measurement was from fifteen to 
thirty feet — and the distance between the mirrors was about 500 
feet. 

The displacement obtained varied from 0*3 inch, to 0*63 inch, 
or about twenty times that obtained by Foucault. 

With a greater distance between the mirrors, and better appar- 
atus, I expect to obtain a displacement of two or three inches and 
to measure it to within one thousandth part of an inch. 

The following is a description of the apparatus employed in 
these preliminary experiments. 

Fig. 1 represents the plan. The sun's rays are reflected by a 
heliostat through a slit /S, and upon a mirror 22, which revolves 
about a vertical diameter. They are thence reflected to a flxed 
plane mirror M^ upon the surface of which an image of the slit is 
formed by means of the lens L. The light now retraces its path, 
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and finally forms an image of the slit, which, when the mirror, J?, 
is at rest, coincides exactly with the slif itself. When the mirror 
revolves slowly, this coincidence is still maintained, but the image 
is perceived by flashes of light at each revolution till they follow 
each other in such rapid succession as to form a continuous im- 
pression. This image is displaced more and more as the revolu- 
tion becomes more rapid, the displacement being twice as great as 
the displacement of the mirror, during the time required for the 
light to travel from ^ to JIf and back again. 

It will be observed that the difference between this {urrangement 
and that of-Foucault, is that the concave mirror is dispensed with, 
its office being accomplished by the lens and plane mirror ; and 
that this arrangement permits the use of any distance between the 
mirrors. 

When the revolving mirror is in the astronomical focus of the 
lens, the light, reflected from it in directions continually changing 

rig. 1. 



M 



soofi 




as the mirror revolves, is, after passing through the lens, always 
rendered parallel to the axis. Thus, all the light which comes 
during the part of a revolution represented by the angle subtended 
by the lens, is collected into a succession of pencils whose axes 
remain parallel to the axis of the lens ; hence the distance between 
the mirrors may be as great as we please. 

It is to be remarked, however, that as this distance is increased, 
the radius (or distance, BS^ Fig. 1), must be decreased, if we 
wish to preserve the maximum of light. In practice, it was found 
unnecessary to place the revolving mirror at the astronomical focus 
of the lens, and, in fact, this distance was in some cases only one« 
fourth the focal length of the lens. 

Other things equal, the greater the diameter and the focal length 
of the lens, the brighter will be the image. 

In these experiments the lens and the fixed mirror were those 
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used in one of the expeditions for observing the transit of Venus. 
The lens was five inches in Qiameter and thirty-nine feet focal length. 
The mirror was tested and found to be almost exactly plane. For 
these experiments it had to be silvered on the front surface. 

The lens being in position, the mirror, which had a slow motion 
in two planes, was adjusted perpendicular to the line passing 
through their centres, as follows : — 

A rough adjustment was made by sighting along a square ap- 
plied to the mirror, and then an observer, with a telescope placed 
behind the centre of the lens, saw, reflected in the distant mirror, 
the image of some adjacent object. By signals the ^mirror was 
moved till the observer saw the reflection of his telescope exactly 
in the centre of the mirror, when the adjustment was complete. 
This adjustment had to be repeated from day to day. 

The revolving mirror was next brought into position, and then 
the slit placed so as to allow the beam of light passing through it 
to fall on the revolving mirror, and at such a distance that the 
image of the slit was superposed upon the slit itself. 

The 'revolving mirror was a disc of plane glass about one inch 
in diameter — silvered on one side, and supported by two screws, 
terminating in needle points, which fitted into two small conical 
holes in the edge of the disc. 

It was driven round by a blast of air from a bellows, which im- 
pinged upon one-half of the mirror, t, t, t^ Fig. 2, represents a 

Fig. 2. 




section of the tube supplying the air. B, R, is a section of the 
glass disc ; and O, is the axis about which it turns. 

This crude piece of apparatus is now supplanted by a turbine 
wheel, which insures a steadier and more uniform motion. 

For keeping the speed constant and for measuring it accurately 
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two devices were used. In the first the light reflected from the 
revolving mirror fell upon the toothed wheel of a chronograph, 
which itself was accurately timed after each experiment. 

When the time between the passage of two adjacent teeth was 
the same as the time of one revolution of the mirror, then the 
wheel appeared stationary, turning slowly forwards or backwards 
as the mirror revolved too slowly or too rapidly. 

In the latter part of the experiments, a tuning-fork, bearing a mir- 
ror on one prong, was used. This was kept in vibration by a cur- 
rent of electricity. The fork was placed so that an observer, about 

Fig. 3. 

] 
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to measure the displacement, could also see, in the mirror attached 
to the fork, nn image of the revolving mirror. When both mirrors 
are at rest, this image is of course similar to the object ; but when 
the fork is set in vibration the image is drawn out into a band. 

When, however, the revolving mirror is started and attains the 
proper speed, the image again assumes its original shape. The 
fork is afterwards compared with one of Konigs standards. 

The slit and micrometer were connected so as to form but one 
piece. This piece of apparatus is represented in Fig. 3. 8^ is the 
slit. a&, a piece of plane glass partly silvered. The light pro- 
ceeding in the direction SM^ is returned in the contrary direction, 
and part of it is reflected from the glass a&, forming an image of 
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t;fag ^it wtrich 19 made to cpmcide with tfie ciuau lu rirg^ at cf> When 
'(tie TsnTTyr nenrolres thi» inuigB is displjuxd to ci^ The slit 3 may 
ttien be moved in the direction 38' till the dupkzced image coin- 
cides with tiie gni—hiriTa, and the dia^miee SS' accnrateiy lead^ 
"by a gerew beaming a divided circle. This metiiod of observing 
does asmy with any error which might arise fbcMir ^^parailas:'' due 
inexact focoasing. 

In these experiments the displacement was so gresrt that the slit 

^ed entirely ontside the feid of light. To avoid this dlfficoltyy 

X:imB other parts of the apparatns^ viz. : ab^ the ^ass mirror^ d^ the 

onoss-hairar and L the l«ia tor viewing the image — were moved by 

screw w in the opposite direction past the slit ; the distance 

rved. which is exactly eqnal to the diapiacement, is accurately 

on the divided circle c. 
The piece of glass ab was partly slvered in order tiiat when the 
was at restr the image of the slit would be seen &om the 
Lulv^red portion^ while the displaced image, which is very much 
-#^amintMr^ would be seoi by r^ection &om the alvered part. 

The ann^Eed table gives the results of ten independent obaerva- 
Lcmst made under difficulties and with apparatus ad2q[>ted from the 
found in the Laboratory of the !^aval School : — 

HKSUIOrS OF OBSKBVATIONS. 
▼KLOdTT OF UI^ST OT AIR Of MELXS PXR ^£COHI>. 

186,730 

138,820 

186,330 

185.330 

187,900 

184,500 

185,000 • 

186,770 

185,800 

187,900 

Mean— 186^08 Formula^ y-_ 4irrii i? 

F= velocity of light, 
r = radius of measurement. 
n =: number turns per sec. 
I> = twice dist. bet. mirrors. 
d = displacement. 
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Their accordance with each other and with the generally ac- 
cepted result justify the expectation of obtaining, with proper 
appliances and under more favorable conditions, the correct result 
within a few miles ; and, I trust, justify the demand I have made 
on your time and attention. 

In conclusion, I take this opportunity of tendering thanks to 
Mr. A. G. Heminway, of New York, for contributing $2,000 for 
the purpose of carrying out these experiments. 



Outline op The Work done by the Fort Worth Solar Eclipse 
Party. By John K. Rees, of St. Louis, Mq. 

This party was composed of Leonard Waldo, of Harvard Col- 
lege Observatory ; R. W. Willson, of Harvard University ; W. H. 
Pulsifer, of . St. Louis ; F. E. Seagrave, of Providence, and the 
writer. 

Fort Worth had been chosen as the place of observation for 
several reasons : 

1. Weather reports obtained from Colorado and Texas showed 
the chances for clear weather to be better in Texas. 

2v The totality came to Fort Worth fifteen minutes later than 
it was seen at Las Animas, and, therefore, it seemed probable that 
we would be able to show any changes occurring in the corona, 
by comparing our photographs and sketches with those of the 
northern parties. 

Mr. Willson left St. Louis July 8, to arrange for the exchange of 
longitude signals between St. Louis and Fort Worth, and to make 
the needed arrangements for the party's work. 

On the night of July 15, an exchange of longitude signals was 
made, through the kindness of Col. B. W. Clowry. Mr. Waldo, 
at this end of the line, made use of a transit instrument set up in 
the observatory of the Washington University. Mr. Willson used 
a Stackpole sextant and subsequently a transit loaned by Brown 
University, Providence. 

The rest of the party, except Mr. Pulsifer, reached Fort Worth 
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OD the 18th. Mr. Lomax, cashier of the City National Bonk, 
geoerously placed His gronnds* hooaea and horaea at oar dispoaal. 
The days before the eclipse were occupied with work on the ad- 
jntttment of instmments and observations with sextant and transit 
for latitude and time. Mr. Willaon had contrived a very steady 
sextant stand, which enabled Mr. Waliio to make obs«vations on 
Polaris and Antares with great accuracy. Observers along the 
path of totality in Texas were requesteii to cooperate with cor 
party ; descriptive articles were written for the pap^r&r and selce- 
tious of Prof. Wm. Harkness' valuable instructions w«e jointed 
and sent to each person desiring to act with us. 

Wo n*adily established observers at Dallas, near Heamc, 
McKiniiev, near the limit of shadow, Allen and Clebome. Some 
of tlii'se observers were furnished with stop-watches. A class of 
some twfutv sketchers was organized, under the direction of Mr. 
WhMu, uiid were trained in sketching from pictures of the corona 
> ailowiiiji them 2 m. 30 s. to each sketch. The practical part of 
tht) |>liul()y;t*ttphio work was put in the hands of Mr. Alfired Free- 
itiaiit i>r Dallas. 

riu' iiiHtnt mental e<iuipraent of the party was as follows: Mr. 
W.'kiuv hml under his care the photographic apparatus, including 
tnu i'rtiiicitts supplied with double refracting prisnds, loaned by 
l>r. l.;tluu> :»kI iurnuijcd after the suggestion of Prof- E. C Pi»- 
ouuj;, lot pbuU>^rtipliing any effect proiluced by polarization. Mr. 
V\ »^iuo JUHO usic^l a small telescope for observing contacts* Mr. 
Mnltsoii UNCii a beauliful three-inch telescope, kindly loaned the 
pH4iv l»v K. Kllerv Aiulerson, of New York Citr. Mr. Seagrave 
ha\{ i txe-iUili (.'laik refractor, to which he adapted his own spec- 
u^^>v»»(^' xn' tcu [>t ia^aicj hv Browning. Mr. Pulsifer joined the party 
|\»U4 *i.i,\x Ik'ioio Uio '2lHh, bringing with him his Clark fonr-indi 
tv'iv'xv^'pv* .iMii l)^\} sped roscopes, one of which was fitted to a spare 
i'iMss .uvU tcU\>^opo belonging to Mr. Seagrave: the other was at- 
tHvava 'v» ^ll^ r>hHiror*s own instrument. I had in hand a five- 
•uva Vix.iu v'!:uiv spectroscope, loaned by Smith and Porter, of 
tU'^x'u^ 'v» ^vi^^v•^l I had attaehed a very fine spectroscope, of two 
;»*wiu^^ uui ■inMj>iiK'\l with long collimator and long telescope. 

V'' ^'ti.a 'iio weailicr for two days before the eclipse promised 
's*.'U, Nsv vM» luy .iiteiMoou of the 29th the cloads broke only a 
'\M4 '4..iu,»v.x 'Kioit* ilio livst contact, and we had a fine view to 

'4^,4. »^\ '»»V ' i.xte v'\>4ilacW 
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In regard to the work done during the eclipse, Mr. Waldo 
reports as follows : — 

1. He saw the diffraction shadows flitting over the ground at 
totality. 

2. First contact, dh. 11m. 29 sec. ; duration of totality, 2 m. 
28.7 sec. ; fourth contact, 5 h. 19 m. 16 sec. 

3. The photographs show detail, though moved, shown by the 
small prominences drawn out along the plate. 

4. The corona was very different from any of the coronas drawn 
during preceding eclipses. The parts of it towards the North and 
South Poles of the heavens seemed pretty well defined, but the 
two ends which lay roughly in the ecliptic were very poorly de- 
fined, and probably extended mtich farther than the naked eye 
saw. 

There was not visible at a glance any of the wonderful streamers 
portrayed during former total eclipses as radiating from the sun, 
but there were visible variations in the light from different parts 
of the corona, which gave the impression of unequal densities. 

Mr. Willson, with the three-inch Secre tan, with universal mount- 
ing, observed the first contact with terrestrial eye-piece, magni- 
fying forty diameters, and noted the second contact with an in- 
verting eye- piece of one hundred and fifty diameters. During the 
partial phase both these eye- pieces were used. For third contact 
and during totality a power of about thirty diameters was used, 
the field of view being about 1° diameter. In this eye-piece was 
a glass plate ruled by Prof. W. A. Rogers, of the Harvard obser- 
vatory, with concentric circles about 6 minutes of arc apart, whose 
circumferences were divided into arcs of 45° each, by lines radiat- 
ing from their common centre. 

Mr. Willson was also provided with an ordinary Arago polari- 
scope (loaned by Dr. Litton), and with one of Browning's direct 
vision spectroscopes to be used as occasion should offer. Observa- 
tions were made of all the contacts. Mr. Willson, in his paper 
on the subject, says : "Just before the totality, I replaced the 
darker shade upon the telescope by a light reddish glass and 
caught up the chronometer beat, watching for the contact with my 
left eye, my right being bandaged. Totalitj'^ having commenced, 
I removed the bandage from my right eye and examined the 
corona. My first glance caused me great surprise. The moon's 
disk appeared surrounded by a reddish glow (with a slight orange 
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tinge), much brighter towards the moon's limb, of uniform texture 
in all parts of the circumference, but fading gradually to a well- 
defined surface about four or five minutes from the moon's limb. 
Neither chromosphere nor prominences were anywhere visible ; 
this was my first, and I must say, disappointing impression. Just 
as the time-keeper called 2 :15, however, I discovered that I had 
foi^otten to remove my glass shade, which I immediately did, 
regretting that I had lost fifteen seconds of precious time — perhaps 
not lost, I think now, for my observation of the portion visible 
through the shade may prove to be of use, and seems to discrimi* 
nate between the colors of different parts of the corona ; for, as 
soon as I removed the shade, I became aware of other portions of 
the corona whose light was very* nearly as intense as that near the 
moon*s limb, but which were invisible through the shade, while the 
ring seen with the shade was not at any time distinctly seen 
without it. To my view the light of the corona varied somewhat 
in the different portions ; and its outlines were very irregular, but 
well-defined." 

Of the protuberances visible, only one was of good size, extend- 
ing somewhat more than a minute and a half from the sun, and 
having somewhat of a sickle shape, the others were all small, but 
of a peculiar appearance. Mr. Seagrave reports that the ther- 
mometer fell IV during totality. The first intimation of the 
moon's approach was given by Mr. Seagrave, who, intently ob- 
serving with his spectroscope, called out, ''Chromosphere gone 1" 
Willson noted the contact six seconds later. Mr. Seagrave says 
he saw a continuous spectrum with one bright line 1,474, which 
was measured at the base. At the critical moment, Mr. Pulsifer's 
assistant, completely overcome by excitement, was unable to lend 
him any help. An untrained man stepping in at this juncture did 
what he could. Mr. Pulsifer intended to use both of his spectro- 
scopes with his own four-inch telescope, but experiment showed 
that too much time would be lost in changing. The single prism 
spectroscope was adapted to the spare three-inch Clark telescope, 
which had a very shaky mounting and stand. The direct vision 
spectroscope was fitted to the fourth Clark telescope. For the 
reason above named, Mr. Pulsifer lost the spectroscopic contact. 
Removing his single prism spectroscope and adjusting his solar 
diagonal eye-piece, he observed the sun in partial eclipse ; saw few 
faculffi ; serrated edge of moon's limb very sharply defined ; cusps 
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clean cut ; no brushes of light at cusps ; granulations and faculse 
extended close to moon's limb. The direct vision spectroscope 
was fitted to telescope sometime. before totality. New prominence 
lines were looked for, but none found. About three seconds before 
totality the slit was placed tangential to that part of the sun's 
image where the second contact would occur, narrowed and focused 
till the spectrum came out beautifully clear. The field covered the . 
C line. At last there came an instant when it seemed that the 
spectrum entirely vanished, then a flash, and the lines blazed out 
bright, the whole phenomena occupying so short a time that no 
estimation of its length could be formed. Mr. Pulsifer describes 
the phenomenon as follows: "I was startled to find the lines 
shortened at each end, and occupying not more than one-third or 
perhaps one-fourth of the width of the spectrum. I had never 
seen anything of the kind before, but was instantly reminded of 
Miller's maps of the ultra violet spectrum of platinum, but the 
lines were sharp, not nebulous, except that the ends seemed 
rounded oflf. It seemed to me that the line did not shorten, or at 
least to such a degree as the other lines, and that it remained in " 
sight for an instant after the other lines had disappeared." In re- 
gard to whether prominences and corona are visible before totality, 
Mr. Pulsifer says : '* I can furnish some information on this point. • 
I observed the eclipse of 1869 from my observatory in St. Louis, 
some twenty-five or thirty miles southwest of the line of totality. 
At that time I observed several prominences on the limb of the 
sun, just at the points where the limb of the moon exactly (or 
nearly so) covered the sun's limb. I made a drawing at the time, 
but it has been mislaid or destroj-ed. The corona also was 
visible." 

My own observations, during the partial phases, showed the 
moon's linab ver}' irregular, and, toward the centre, affected by a 
slight undulation. This undulation was not communicated to th« 
cusps, which were very sharply cut. In the extreme j)oints, both 
before and after totality, dots of light were observed, of the same 
color as the faculse. During totality, the spectrum of the corona, 
pointing the telescope to four points of the corona, was always 
continuous, and the Fraunhofer lines C and D were plainly visible. 

The light of the "wings" of the corona was varied, giving, to 
my eye, the appearance of parallel rays, and not radial. These 
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wings were in the line of the ecliptic, and the rays were also 
parallel to the ecliptic. 

The darkness during totality was not so great as I expected. I 
was well able to read fine divisions on my slit screw-head without 
any artificial light. 

Col. Lockett, of Tennessee, made the best sketch the party had, 
and a copy in oil of his sketch was exhibited by Prof. Rees. Prof. 
Barker showed the Graphic copy of Draper's photograph of the 
corona, and compared it with the telescopic view by Mr. Willson. 

The liberality of a few gentlemen of St. Louis made it possible 
for the party to go to Fort Worth well equipped. The party 
expect to publish shortly the results of their observations and 
therefore the above account is brief. 



An Improved Method of Ringing a Bell in an Exhausted 
Receiver. By Thos. R. Baker, of Millersville, Pa. 

[abstract.] 

A VIBRATING electric bell is so combined with the battery by 
which it is rung, that both can be placed under the receiver. The 
apparatus is represented in the accompanying figure. 

The lid of the box containing the battery cell supports the bell, 
the wires passing out through small holes. The box, on the out- 
side, is 3^ inches square and 3;^ inches deep, and the bell is about 
6jJ inches above the top of the lid. The apparatus may, however, 
be made to suit the receiver. 

The boll may be made to ring continuously during the exhaust- 
ion of the air, thus showing a gradual decrease in the intensity of 
sound, or it may bo rung at any time during the exhaustion by a 
simple contrivance for closing the circuit. A W-shaped tube open 
at both ends, and with a copper wire entering the end a, and ex- 
tending to the bend c, is fixed upright upon the lid. A small 
quantity of air is confined in the middle bend by filling the outer 
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bends with mercury. The battery wires are fixed in a vertical 
position, and, wiien tlie lid is placed on the box, tlie end of one 
of ttiem presses into a small spiral forming the outer termination 
of tlie tube wire, and the end of the other into a coiled end of a 
wire leading to the post against which the armature vibrates. In 
the end b of the tube ie a copper wire capable of moving tightly 

Fig.l. 
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bell to ring. The rlDging may be started at any time by properly 
adjusting the movable wire. 

Daniel's cell may be conveniently used to ring the bell, the cop- 
per cup being made to fit the box. Two small porous cups may 
be used instead of one. This cell has sufficient force to ring the 
bell vigorously. The apparatus should rest upon a thicli layer of 
loose cotton, or cushion of felt, to prevent the sound from being 
conveyed through the metallic parts of the pump. 



On THE Construction op a Sensitive Wind-vane. By J. W. 
Osborne, of Washington, D. C. 

In a paper submitted to this section at the Nashville meeting, I 
described a light and sensitive form of wind-vane, the arm of 
which was 5 feet 4 inches long, and its weight 16 ounces ; counter- 
poised by a piece of lead at a distance of 13 inches from the centre 
of motion, weighing 2f pounds. 

This proved to be a very serviceable vane, and is still in con- 
stant use ; but it was found that its inertia, and the momentum 
whicil it acquired when moved by the wind — light as it was com- 
t pared with ordinary instruments of the kind — toolt from its sensi- 
tiveness, and gave rise to oscillations which were not indicative of 
the veering of the wind alone. A perfect wind-vane should in- 
stantly respond to the slightest change in the direction of the 
wind, and should remain stationary when it has made the neces- 
sary angular movement ; in other words, it sUould continue at all 
times parallel to the current in which it lies, be the same strong or 
weak. 

How nearly this perfection was achieved in the instrument con- 
structed in the present year, the following description will serve 
to show. 

This wind-vane was 7 feet long, while its weight was only 
three ounces (1310 grains), and as the method of its suspension 
made a counterpoise unnecessary, the evil effects of momentum 
were still further diminished — practically, in fact, they did not 
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exist. The material used was the thinnest sheet brass obtainable, 
rolled hard for this particular purpose, weighing 520 grains per 
square foot, and having a thickness of 0-0017 inches. This was 
made into tubes y^^ inches diameter, and of these tubes the arm 
was constructed as shown in the drawing, at the end of which a 
flat, circular disk was attached to receive the impulse given by the 
wind. The disk 7 inches in diameter, equal to J square foot of 
surface, was made of two sheets of tinsel (a material about half 
the weight of the sheet brass — 243 grains per square foot), 
strained tight and soldered to the sides of a ring of steel wire. 
This disk was perfectly stiff and flat, and weighed only J ounces. 
To give rigidity to the vane laterally, two light arms constructed 
of piano-wire projected from the spindle, one on each side, and 
from their extremities to the junction of the disk with the long 
tubes, fine brass wires were strained. These were again soldered 
to cross wires attached to the upright tubes of the truss in a man- 
ner which the drawing will make intelligible, and finally, two di- 
agonal wires were introduced to stiffen the middle section of the 
arm laterally. All these wires must be drawn up equally on both 
sides — an operation which. requires some tact and judgment — be- 
fore soldering the places where they cross ; but when this is suc- 
cessfully accomplished the whole structure will be found to possess 
remarkable elasticity and strength. 

The weight of this vane (3 ounces), includes all except the 
upright spindle, which must be strong enough to resist the up and 
down strain put on it when the wind affects the vane in that way, 
which is the most dangerous stress it has to withstand. The spin- 
dle was f inches in diameter, and ran between two groups, of 
three friction-rollers each ; one as near the vane as possible, and 
one 8 inches lower down. The friction-rollers run on small pol- 
ished steel studs, standing, each set, in a little tray of oil which 
keeps them thoroughly lubricated for many months together. The 
spindle is connected at its lower end with the rod (12 feet long), 
passing through the roof in such a way that while there is no shake 
in a rotary direction, there is sufficient play to prevent any strain 
being thrown upon the spindle when it oscillates. The "rod" 
consists of a tube of thin sheet tin. At its lower end it carries a 
hardened steel point which runs in a polished cavity in a piece of 
glass. On this point rests the whole weight of the instrument, 
amounting to 19 UttHOM* 
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This vane was supported 8 feet above a flat roof on Capitol 
Hill, Washington, 55 feet above the ground and ] 23 above the 
Potomac, side by side with that described in the paper read last 
year before the Association. The rod passes through a timber 
trunk well staid upon the roof, and the friction-rollers — the lower 
set being adjustable — are so fixed that the spindle is perfectly 
vertical. A small collar and cap which are not in contact prevent 
entrance of water where the spindle enters the trunk. 

It will be seen that in the construction of this vane every effort 
was made to reduce friction and inertia. It was carefully set up 
in a closed room before putting it on the roof, and the mean of 
many experiments showed that 1^ grains lateral pressure, perpen- 
dicular to the center of the flat disk, was suflScient to start, and 
keep it in motion against stationary air. It may be also interest- 
ing to note that, although ^ longer than the other vane, 10^ 
ounces at 13 Inches distance from the spindle was suflScient to 
counterpoise it, whereas the other required 44 ounces as already 
stated. 

The behavior of the wind-vane I have described was most ad- 
mirable ; a simple inspection of its oscillations in light or heavy 
winds, convincing any one of the truthfulness of its indications, 
and extreme sensitiveness. As an experimental vane it could 
hardly be surpassed. By its use a classification of the winds in 
reference to the peculiar character of the oscillations accompanying 
them was possible, and offered matter for research of great inter- 
est. It was found that the angular scope of the oscillations, their 
frequency and regularity, differed greatly, even with winds from 
the same quarter and of the same strength. 

In the case of ordinary vanes, such as those used by the U. S. 
Signal Service, weighing from 30 to 40 pounds and more, running 
on collars of large diameter, difl^cult or impossible to lubricate in 
a satisfactory way, the lighter winds are practically lost, for they 
produce a movement only when the veering is considerable, and 
then of disproportionate extent ; while of those which blow with 
greater force, all the finer characteristics are eliminated, and the 
oscillations — influenced by momentum — do not represent the 
actual veering of such winds at all. 

It is true, however, that for practical purposes, when the main 
direction of the wind is all that interests the observer, it is not 
unfrequently diflflcult to determine what that direction is from 
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watching the erratic and unceasing movements of the pointer 
swinging over several points, when the vane is highly sensitive ; 
and some experience and judgment are necessary, if accuracy in 
this respect is required. 

It is obviously unphilosophical to overcome this diflSculty by 
adding to the inertia of the vane, and by retarding it with an 
overwhelming amount of friction which varies from day to day, 
and which is vastly greater when the vane bqgins to move, than 
when it is in motion. The true plan it appears to me, is to let 
the vane give expression to all the facts, and then deal with the 
record so as to obtain a mean direction. The mean of the angular 
movements of the pointer alone, will not give the desired informa- 
tion, because sudden impulses very frequently throw the pointer 
repeatedly to great distances on one side of the main direction, 
which are compensated for only by small, slow and deliberate os- 
cillations on the other, which latter, though they make less show, 
are, by reason of their persistency, much nearer the truth. It 
would seem, therefore, that duration as well as quantity has to be 
taken into account. 

The solution of this problem by mechanical means was at- 
tempted in the following way. A vertical shaft of small diameter, 
consisting of a thin brass tube terminating in a steel point, runs 
on a glass bearing. It carries above a small horizontal pulley, 
which is driven by a very small belt made of thin brass, from a 
pulley of exactly equal size on the rod of the wind-vane. 

The lower extremity of the shaft, consisting of a steel wire ^ 
inches in diameter, carries a free collar of brass, to which a pointer 
is attached, and also two or more horizontal arms from which de- 
pendent blades or vanes of thin metal hang in an annular vessel 
containing oil. The collar is connected with a long and delicate 
spiral spring (360 coils) encircling the vertical shaft without touch- 
ing it, the upper end of which has also a small collar sliding upon 
the shaft, and made fast to it at any desirable place by a set-screw. 
When in adjustment, the collar below with its vanes and pointer is 
hanging upon the spring. When the wind-vane oscillates, the little 
vertical shaft oscillates synchronously with it ; but the lower collar 
with its pointer, and the blades immersed in the oil, receives the 
impulses through the spring as a medium ; and is the resistance 
in the oil increases &t least as rapidly as the square of the velocity, 
the quick spasmodic movements of the wind- vane are eliminated 
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in part, and those of a more deliberate and permanent 'character 
proportionally represented. In practice it will be found that the 
veering of the wind, as indicated by tlie pointer of this attachment, 
is relatively slow and steady, covering small arcs only ; and the 
angle thus included is itself indicative of the veering in the main 
direction. Thus upon the same table we have two pointers, one 
representing the local condition of things upon the roof, and the 
other — approximately at least — the changes in the great current 
sweeping over the place of observation. Of course the in sensi- 
tiveness of this instrument to erratic movements is in perfect con- 
trol as it depends upon the stiffness of the spring ; the diameter 
of the oil vessel ; its depth, and the viscosity of the fluid employed. 
With regard to the fluid, I have found a heavy kind of petroleum 
known as "mineral sperm" answer very well. Should the tem- 
perature of the room fall very low in winter, this substance be- 
comes viscid, and it is probable that a solution of salt, or of cal- 
cium chloride in water, covered perhaps with a film of petroleum, 
will prove serviceable. It should be added, that it is quite neces- 
sary to attach a number of stationary pieces of sheet brass to the 
sides and bottom of the oil vessel as shown in the drawing, for 
the purpose of checking any tendency to a vortical motion in the 
fluid. 

It is plain that this instrument might be made part of the wind- 
vane, and in some cases this would be desirable ; but in general, 
for purposes of investigation, it will be found better to make it a 
separate attachment as here described. In whichever way the 
principle is applied it has great advantages over an attempt to 
gain similar results by impeding the motions of the vane itself 
through the direct introduction of resistance. Such methods 
throw a strain upon the vane which may be very severe in stormy 
weather, and demand a proportionally strong construction. By 
the use of the spring the only force required is that necessary to 
coil or uncoil it to the extent of one revolution at most ; a strain 
which is quite inappreciable. 

Returning to the wind-vane. It should not be supposed that, for 
the usual meteorological record, I advocate the use of an instru- 
ment of the extreme delicacy of that which forms the subject of 
this paper. The material employed should be much stronger and 
stifler, as, for instance, thin sheet tin. The friction-rollers should 
be retained, the method of lubricating them, and the glass bear- 
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ing below; but a counterpoise should undoubtedly be added. 
This is desirable, because it is a matter of considerable difficulty 
to adjust the friction-rollers so that the spindle shall be truly per- 
pendicular, and the difficulty increases the higher the vane is 
placed above the roof. Even when this is done, if there be any 
swaying of the trunk carrying the vane, the latter will have a ten- 
dency to fall to the lower side. The vane I have described with- 
stood many violent storms and squalls, some of them doing much 
damage to property in the vicinity ; but it was finally destroyed 
during the exceedingly violent gale which accompanied a thunder- 
storm on the 10th of August of this year. As one, at least, of the 
storms it had bqen exposed to seemed quite as severe as this one, 
it is very probable that the tubes received a blow from one of the 
flying branches or twigs with which the air was filled, and in which 
way it had suffered slight injury once before. In this connection 
it may be also interesting to state that the thin brass had received 
a large number of indentations from hail-stones of the size of 
large peas, which fell on two occasions. 

In constructing wind-vanes it is very usual to provide them with 
two diverging blades, evidently with the intention of receiving the 
impact of the wind under favorable conditions. Apart from the 
fact that these blades, when they start from the spindle are nearly 
useless for a great part of their length, and only add weight, it is 
a mistq.ke to suppose that they increase sensitiveness, if, by that 
term, we understand the obedience of the vane to the first slight 
change in the direction of the wind ; as it can be easily shown 
that the smaller the angle which the blades make with each other, 
the greater is the difference of the lateral resultants acting upon 
them, for all those changes in direction of the current which are 
small enough to affect both blades at once. Any vane will move 
when the wind has veered round considerably ; gaining power 
under such circumstances is a matter of indifference ; what is 
wanted is the application of the maximum force attainable at the 
first moment of change. But there are other good reasons why the 
whole of the arm should be kept in one plane. In a vane with diver- 
gent blades, inequalities in the pressure of the wind affecting them 
will produce slight oscillations which may be confounded with those 
due to changes in direction, and generally an unstable condition will 
result, which increases in proportion to the angle that the blades 
make with each other. In the case of a light vane, the vibratory 
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movement resulting from this cause and the greatly increased tcn- 
tional strain which the Instrument has to withstand in heavy winds 
from the increased resistance due to the divergence, tries its 
strength very seriously, and adds to lateral friction quite unneces- 
sarily. 

As to the length a wind-vane ought to have for practical mete- 
orological work ; the experiments made so far tend to show that 
great length is quite unnecessary ; especially if an attachment 
like that I have described is employed to modify and control irreg- 
ular oscillations, due to local causes. But, for investigations into 
the nature of the currents lying upon the surface ; the part played 
by the earth itself in retarding and disturbing them ; and the form 
of the path traversed by atmospheric masses ; for these purposes, 
vanes of widely different lengths will be found to give most in- 
structive results. 



Wind-vane Rotations. By J. W. Osborne, of Washington, 
D. C. 

In a paper last year before the Association, two ways were 
described by which the preponderating revolutions could be counted 
which a wind-vane makes in either direction. On the present 
occasion I wish to bring to the notice of the section an improve- 
ment in one of those methods, which for simplicity and accuracy 
leaves nothing to be desired. 

The rod from the vane upon the roof terminates below in a 
vertical steel spindle rather less than one-tenth of an inch in diame- 
ter. The lower end of this is pointed and hardened, and runs in 
a glass bearing supported immediately below the table on which 
the thirty-two points of the compass are marked, and through 
which the spindle passes. A horizontal index, attached by a set 
screw to the spindle, traverses these points, and indicates the 
position of the vane above. 

Outside this circle is another, the circumference of which, 
starting from any convenient place, as zero, is divided into tenths 
and hundredths, and numbered both ways. Over this circle 
traverses another index, above that already described, and some 



Wl N D - VA NE ROTATIONS 



J 




u 





BY J. W. OSBORNE. 91 

what longer than it. This is attached to a sleeve of thin metal on 
the steel spindle, the fnction between them being sufficient to 
move the index. To one side of the sleeve, which extends some 
way up the spindle, a fine thread is made fast, extending radially 
from it to a little free pulley over which it passes, carrying a 
weight of a few grains at its pendant end. This thread is arranged 
so that none of it is on the sleeve when the pointer is at zero. 

Starting in this way the thread will be wound upon the sleeve 
according as the spindle revolves. After the interval has elapsed, 
for which it is desired to count the preponderating rotations, an 
inspection of the thread will show in which direction it was wound 
up, and therefore whether the movement was positive or negative. 
The position of the upper pointer, then, gives upon the outer circle, 
the fractions of a revolution made ; that position corresponding 
of course to a certain reading of the direction of the wind which 
has been fixed upon — say N. E. The upper pointer is now laid 
hold of, and moved round backwards till it comes to zero. If, 
then, there is more thread upon the sleeve, the turning is con- 
tinued till all the thread has been unwound. The number of revo- 
lutions required to do this, gives the whole number, which pre- 
cedes the fraction already obtained. By holding the upper pointer 
at zero till the moment when the lower pointer, oscillating with 
the wind, passes the reading fixed upon (N. E. in the supposed 
case), and then releasing it, the instrument is set for the next in- 
terval. In practice this will be found a simple and efficient method 
by which to count the revolutions with accuracy, either for long 
or short periods, and one which does not interfere with the free 
motion of the vane itself. 

By such means a long series of observations was made, using 
for that purpose the exceedingly light vane described in the pre- 
vious paper, as well as the heavier one which was also referred to. 
The results confirm and extend those of last year. The total 
number of rotations is very great, of which- those moving in a 
negative or retrograde direction, are in large excess, rather more 
than three to one. These preponderating negative rotations for 
long periods may be regarded (for speculative purposes), as 
amounting to about 1*5 daily ; but this statement requires qualifi- 
cation, of which more hereafter. 

The tendency to VQtftte is not always present, it recurs at longer 
or shorter inte|^jkHMhgy||^M|||i ^hows the rotations congre- 
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gated together in groups. It also shows that at any one time, the 
prevailing character of such a group is either positive or negative ; 
more rarely of a mixed nature. It has been found impossible to 
connect the revolutions themselves, or any of the peculiarities 
attending them, with winds blowing from particular quarters of 
the compass ; they appear to be both present and absent with all. 
But the force with which the wind blows does seem to influence 
the results in certain ways, and this leads to a consideration of 
the comparative behavior of the two vanes which were used in this 
investigation. In the preceding paper both these instruments have 
been sufficiently described. They were set up at a distance of 
seven feet six inches apart, the lighter vane being one and one- 
half feet above the heavier one. With the help of a simple me- 
chanical contrivance the index and counting apparatus of the latter 
were transferred to the table of the former, so that the two point- 
ers worked side by side, and admitted of easy comparison. 

By carefully watching both vanes, it soon became manifest that 
the rotations which each made were very discrepant in regard to 
number ; still less were they simultaneous ; and occasionally they 
differed in direction. 

In light winds, the lighter and longer vane made the larger 
number in a given time ; in strong winds the same was true of the 
heavier vane. This was obviously due to the greater sensitiveness 
of the one, and the greater inertia of the other. But on days 
when revolutions were abundant with both (rising sometimes to as 
many as fourteen in twenty-four hours), it very frequently hap- 
pened that when one revolved, the other did not do so ; in fact it 
was exceptional when they both went round the circle together, and 
the cases were by no means rare, in which, while one moved in a 
positive, the other did so in a negative direction, though not per- 
haps at the same moment. 

These facts are only true of relatively rapid rotations ; those in 
which after making a revolution the vane returns again to a posi- 
tion where it oscillates about the main direction of the wind. In 
fact they may be themselves regarded as large oscillations, exceed- 
ing 180° from the main direction ; in which the impulse, that under 
ordinary circumstances would carry the pointer back over its 
course, takes it round the shorter way instead. These rapid rota- 
tions vary in the time required to complete them, from fifteen 
seconds, to about 150; perhaps forty seconds may be taken as 
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their average duration with a vane seven feet long. The onward 
motion of the pointer is often slow and steady; but more fre- 
quently there are pauses, and sometimes short retrograde move- 
ments. In considering this subject, it is important to dismiss from 
the mind any conception of a really sensitive vane, as swinging 
about its axis. Where the arm is at any moment, it has been put^ 
and there it* will remain till carried on again, and whenever it 
continues in motion slow or fast, we may be certain that the wind 
is following it all the time, and doing all the work. Experience 
has shown that this, for all practical purposes, is equally true of a 
vane much heavier than the delicate one described in my previous 
paper. 

All these phenomena are to be found in the incessant oscillations 
of a vane which is sufficiently sensitive. We find the amplitude 
of such oscillations varies very greatly at different times without 
any assignable cause, and when they are large, we find in them the 
same pauses and short retrograde movements. It is clear that the 
angle they include, and the rapidity with which they are made, are 
influenced (as well as the rotations) by the length, weight and 
friction of the vane, and it is also apparent that they are in part 
determined by the configuration of the surface, and by irregular 
projections upon the roof, or in the immediate vicinity ; but behind 
these causes the fact remains that certain winds seem to carry 
with them the tendency to deviate from a direct course, so that 
varieties of oscillation are after all due to inherent characteristics 
of the wind. To speak of the appearances I have been describing 
as simply of local origin, is not a satisfactory explanation, because 
the local conditions are always present unchanged, while the 
phenomena themselves var}'' greatly. Such an explanation, more- 
over, leaves altogether untouched the remarkable predominance of 
negative rotations. 

In this connection, the modifying effect of the force or rapidity 
of the wind should be considered. The observations show, as 
before stated, that as the wind increases in velocity, the rotations 
of the lighter vane generally decrease in number, while those of 
the heavier one, especially in gusty, blustering weather, are often 
relatively increased, a circumstance evidently due to its momentum, 
and one which accounts for its larger total number of rotations, 
particularly at certain seasons of the year. The lighter vane gives 
the true state of things for strong as well as gentle winds ; and the 
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reason wh}*- its oscillations are usually smaller, and its rotations 
fewer in windy weather, is because the onward motion is so quick, 
that an impulse from one side is immediately succeeded by one 
from the other, and we obtain in consequence, short, quick, move- 
ments of the yane. But the characteristics of such winds differ 
just as widely as those of less rapid currents, and the fact still 
remains that the origin of these differences is referable essentially 
to the wind itself. 

That remarkable deviations, both lateral and vertical, take place 
in the main direction, no person who has had an opportunity of 
studying the phenomena, can for a moment doubt. How, or where 
the force is applied which produces these deflections, are questions 
of great difficulty, which, like many others in ph3^sical meteorology, 
can neither be fully investigated, nor solved, till means are pro- 
vided for making observations at great heights. But it may not 
be out of place to state here, without entering the speculative field, 
that the rotations when closely watched in fine, still weather, have 
frequently suggested the rise (or it may be fall) of masses of air, 
and the following after of lateral currents coming successively 
from all points of the compass, and producing thereby one turn of 
an imaginary spiral. Be this as it may, it is quite safe to assert 
that a study of the behavior of sensitive wind-vanes tends to give 
reality to the wonderful mixing-process affecting the atmosphere 
at the earth's surface, and to impress us with the importance of 
including it in the consideration of aerial phenomena generally. 

Having especially referred in the foregoing to local rotations of 
the wind, I now pass to those of the main current. In the pre- 
ceding paper, a mechanical method was described, which, dealing 
with all the oscillations made by a sensitive vane, eliminated those 
due to local conditions, in a greater or less degree, according to 
their actual importance ; so that the remaining oscillations repre- 
sented very fairly the changes in the main direction. The function 
of the instrument now to be described, is analogous, inasmuch as 
it is designed to eliminate those rotations affected by local and 
subjective causes, and to count only such as are true revolutions 
of the leading current ; doing this without interfering with the 
free movements of the vane, even in the lightest winds. In con- 
nection with the accompanying plate, and what has been said 
in the previous paper, a few words will make its construction in- 
telligible. 
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An oil vessel, similar to that already described, is provided with 
a steel spindle of small diameter, which extends below the bottom 
of the vessel, and not above it as in the other attachment. It is 
pointed and hardened at its lower end and runs on agate. Its 
upper bearing is in a thin plate of glass, through which a hole 
is bored, the sides of which are carefully polished. To the 
spindle two arms carrying depending blades hanging in the 
oil are attached, and a long spiral spring of fine steel wire 
(Zitter wire) is fixed, with a collar and set-screw to its upper 
part, immediately below the glass bearing. The lower end of 
this spring has dependent from it a free pulley, which has two 
thin glass bearings in it, separated three-eighths of an inch, so as 
to reduce friction to a minimum and keep it horizontal. This 
pulley is driven by a metallic belt one-eighth of an inch Tfide, 
from one of exactly equal size fixed on the rod of the wind-vane. 
So far, the construction is but a modification of that already used 
for damping the oscillations ; but, in place of the pointer, an arm 
carrying a good horse-shoe magnet is attached horizontally to the 
upper part of the spindle. The magnet is adjustable, so that the 
distance of its poles from the centre of motion admits of modifi- 
cation, and it can also be counterpoised in every position. In the 
plane of the magnet, and concentric with the spindle, a small, 
annular trough is placed. This is partly filled with oil on which 
there lies a fioat of very thin metal. The fioat is connected by 
two fine wires with a light cap of brass resting upon the top of 
the steel spindle, which is delicately pointed to receive it, and 
admit of its free motion without friction. The cap terminates 
above in a very slender steel wire about two one-hundred ths of an 
inch in diameter, encircled by a minute tube of tinsel foil, from 
one side of which an exceedingly fine silk thread extends, and, 
hanging over a little free pulley, carries a weight amounting to a 
fraction of a grain, just sufficient to draw it straight. Above the 
annular trough is a fiat plate also in the form of a ring, on which 
the thirty-two points are marked, and upon this lies another of 
larger diameter, divided into hundredths of its circumference which 
is traversed by a pointer from the arm bearing the magnet. This 
second ring is movable on that below it, and a number of studs 
projecting from its lower surface keep it central in every position. 
Finally, the float carries a small piece of iron, which forms an 
anchor for the magnet, though never near enough to touch it. 
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When in use the whole instrument should be covered by a cj^linder 
provided with a movable glass top to exclude dust and currents 
of air. This is not shown in the plate. 

When connected with the vane, the free pulley, on the steel 
spindle of this arrangement, oscillates synchronously with it. The 
force so applied is communicated through the spring to the spindle, 
and the result is a slow and steady oscillation of the magnet over 
small arcs, in a horizontal plane. Under these circumstances the 
float follows the magnet, lagging a very little behind. When a 
rotation of the main current takes place, always more or less 
gradual in its accomplishment, the float still keeps with the magnet, 
and the silk fibre is wound up upon the foil covering the wire pro- 
jecting from the cap, and its movement is therefore counted. On 
the contrary, when the revolution of the vane is relatively rapid, 
the magnet starts at once upon a journey round the circle with an 
accelerating velocity ; it leaves the float behind, and takes it up 
again after the spindle has once turned upon its axis. Such a ro- 
tation is obviously not counted. When the period fixed upon has 
elapsed the counting of the fractions is done upon the movable 
ring divided into hundredths, the zero on which is then moved to 
the position of the pointer, ready for the next interval ; the whole 
number and sign, is given by the thread attached to the cap, which 
is then unwound and made to take its radial position from the cap 
by turning the little foil sleeve upon the projecting wire. 

It may be added, that the horse-shoe form of the magnet is de- 
sirable on account of its greater power ; and also, because it has 
no directing polar tendency, which, with so delicate a suspension, 
would seriously afiect the result. It is necessary to be very par- 
ticular in supporting the whole instrument, so that the spindle is 
quite perpendicular, otherwise the arm carrying the magnet must 
be counterpoised with very great accuracy, which is not easily 
done. The magnet should be strong enough to admit of being 
drawn back some distance from the anchor, to the end that the 
diminution of the force moving the fioat should be less rapid, and 
act at longer angular distances, without being so strong as to take 
the float with it under all circumstances. 

The construction of this instrument is too recent to admit of 
anything being said of results furnished by it. It is evident that 
by simply retarding the movements of a strong vane 8ufl3ciently 
by friction, or impeding its motion in any analogous way, rotations 
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dae to local causes could be hindered ; but in doing so, very im- 
portant revolutions of the lighter winds would certainly be lost. 

An exceedingly long vane (how long it is impossible to say), 
would no doubt give valuable results ; but such, when sensitive, 
are difficult to construct, for the leverage in an up and down di- 
rection becomes considerable, and it requires great strength to 
resist the impulses so received, both in the body of the vane and 
its supports. A shorter vane, isolated at a great elevation, would 
doubtless give results of the most unexceptionable kind. 



Ok the Importance of Meteorological Observations in Ver- 
tical Section of the Atmosphere, with the Suggestion 
of Means for their Systematic Accomplishment. By 
J. W. Osborne, of Washington, D. C. 

Some years ago Professor Balfour Stewart pointed out, with 
convincing clearness, the importance of studying meteorology 
with broader aims than those which very frequently guide inquiries 
in that branch of natural science. He distinguished between what 
he called physical and climatic meteorology, and showed that 
comparatively little is done for the former with any distinct pur- 
pose. The labor which has been, and is still expended in reading 
and recording instruments, is very great ; but only a fraction of 
the results obtained have proved of value in extending our 
knowledge of the laws which govern our atmosphere generally ; 
as a part of our planet, — and in its cosmical relations. 

Meteorological obseivations for climatic purposes,^ when widely 
extended, and made with care and uniformity, do undoubtedly 
furnish valuable material on which to base comprehensive theories. 
In fact they may be said to furnish the only available material, 
if we leave out of consideration for the present, recent discoveries 

II have elsewhere endeavored to show that climate is essentially subjective, and that 
oar meteorological observations which ignore the fliuctional phenomena of living 
organisms, are statements of the weather and its changes, not of the climate of the 
place where such observations are made. 
. The purpose may be climatic, but the result is not. 
a. a. a. S.y VOL. XXVII. 7 
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in solar physics, and in the influence which periodic changes upon 
the sun's surface appear to exert upon our atmosphere. The 
multiplication of stations and observations will not of themselves 
advance the higher developments of the science. As a matter of 
fact we know that large quantities of undigested material may 
exist without commensurate results. It is only when such records 
are properly reduced and discussed that real progress is possible. 
But without pursuing this subject further, the inquiry seems perti- 
nent, whether observational methods might not be adopted better 
calculated to promote a knowledge of physical meteorology than 
those on which we now depend. Is it not possible to make bur 
observations, as well as our discussion of them afterwards, with 
special reference to the ends in view ? 

We are dealing with a great aerial ocean many miles thick, 
revolving with the earth. We want to understand the action of 
the solar heat upon it : how that heat is converted into mass- 
motion. We wish to acquire a knowledge of the currents which 
pervade it, their direction, and interference one with another: 
where and how the stupendous forces are applied that move them : 
the influence of evaporation and of condensation in modifying 
other phenomena: the part played by atmospheric electricity. 
These and other questions equally intricate present themselves for 
solution, and make us realize our ignorance. 

If we now consider what is actually done to investigate the 
phenomena and solve the problems of meteorology, we shall find 
that all the observations upon which so much labor and care are 
expended, are made upon the bottom of this aerial ocean. In the 
stratum lying in contact with the earth, affected directly by its 
irregular form, by its temperature, and by its moisture ; we make 
our researches, and give to the answers we receive the widest 
application, — not always, it is true, exactly as we receive them, 
but modiliAl as we think they ought to be modified in the regions 
above our heads. 

As long as the aim of the meteorologist is to accumulate facts 
and. make generalizations bearing upon animal and vegetable life, 
this course would appear to have some justification, for organic 
life is chiefly distributed over the surface upon which he works ; 
but when his researches have a wider scope, when he seeks to 
connect our atmosphere with the universe bej'ond, and attempts to 
grasp its function in the great physical chain ; then, it is surely 
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nnphilosophical for him to confine his inTestigmtioiis to one 
tion, and to one small part of its immense mass, if, by aoj 
bility they can be extended* 

The importance of obserratioDS at great eleratioDS has beeo felt 
and urged by many persons. Mr. Glaisber, abore all crthers, bf 
his splendid series of balloon ascensions, demoaslrated his (aitb 
in their valae. Stations hare also been established oo moantsoi 
summits, as on Monnt Washington and Pike's Peak. Bot, whils 
all must admit the great ralne of soch eilbrts, and re mg nla e, 
indeed, how indispensable they are, it seems open to 
wlicther they can ever be made to gire the infofvuUioa ve 
want in a satisfactory and economical war. In free Uallooas, tbe 
rapid change in altitode and in positioo borixoBtaJIr. d 
the observations possible in them* froiB aijj m&ie be»9w. msui 
record becomes that of a joomer 'exlebiiag. it maj be 
miles. In anchored balloons, the oKKt ve cmm expect are or. 
tions in fair weather, with the eertaix.1T of ]eanue w/il. 
the wind is even moderatelr strooz* a£*i tiie f uru«!T ccr*.^ i tr mf 
losing the whole apparains retr fm^-tzr^r^ A tSLi^i'yj, ^attLx:^ j^s^tbk 
on the top of a moantain is eleraiUrL :t is true. abajLj $»ie5t x.v>vie 
the sea, and systematic work is Vmx^ \^jik^. ,-Ji : xn\ Jl a tfi . ^m 
the earth and in the earUxazmcxt viVji. fr/..'/wft XD'jn; <ir Jisw ae^ 
curately the contoor of the sas'^a^ut^ aifd -n.'.'.*! ^ wfs-'f.mh r afi^^Vvd 
by the solid material it meeu witu. a« Is finvvx 17 Uie mw^'^m 
changes in the westher of nK>::wta:2 t^'j^joa. 

What we want, it ap^^ears to zk. i* i^X vr'i a k.v.fm'ifiTCf]^ ^ 
phenomena at high eaeiaSMis. usi a^«« 'Cif roffc 0iiei»9»*' ^e «f>i^ 
which lead np to tbe erj&i/J'js ^ '..u 1:^% t^r^n^ «7 «c«mci«:a. / ai^ 
accurately d^enoined Lj KiLL^iuic^^ia v>i«ntc^««» vv a ^er^itiih. 
line. 

If we accept this de£:L':i^:« k^ lue >rw'«en^ I i^'fT^t ftt^ vii^ 
who gives it sericMis \mv^», v , tnm«; V# toie tr,ni;.i'A«tn. «i4C j( 
can only be solred by tiie eretr^iys. vf 1. v*np^ *:t»)0ig*:.i^ t {i49<^u^ 
for meteorok^ical wc^k. I utr*: n-jt^ f eut^^nr* v«^ w #ii^^*^f: a^ 
suitable form of tower ^sr 10:4 >n:r^«iv(:^ aor: i^a^*^ ^^t tM»{«$; • 
model, part of wfaic^ k utS'je^ *ju^ i^x.^*^ vu: J Mt ^rut H mui* 
it in my power to exL. -Jx a <i^»*rx ^ jttiu«a t/^aa:^^ ituy*^^../*^ 
made for me by tbe wv^,.r*j^w% n^'zu^s^ uui \rt'tj^t^^. t*t^m 
Clarke, Beeres 4k Co^ ^ HMmir- . ii:. /'Aatiusr-iiiiit. f<ii/*;i i« 
illustrated by the inrinf nijjaf ttf»riii^ tlv :^uiM; ipesv^jfn^ ; 
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am much indebted for the troable tbey have taken, and for their 
earnest consideration of the necessities of the case. 

This tower is constructed entirely of wrought iron. It is.500 
'feet high, and is pyramidical in form. It consists essentially of 
four Phoenix columns, connected by struts and tie-rods, and en- 
closes within it a parallel way for an elevator, consisting also of 
four columns similarly braced. It is designed to contain the least 
possible material consistent with strength, so that its mass shall 
practically have no effect upon the instruments, and offer but little 

resistance to the wind. It is calculated to resist a storm of 100 

• 

miles per hour with perfect safety. At every 100 feet a light 
gallery is constructed, from which the instruments are read, and 
on which a suitable protection is provided for the self-registering 
apparatus, so that it can be examined and changed in all weathers. 
It will be seen that the proposed arrangement gives six stations, 
counting the ground as one. Perhaps a subdivision of the lower 

. 100 feet may be found desirable, adding a station at thirty-three, 
and one at sixty-six feet for thermometers and hygrometers, so as 
to analyze more thoroughly the earth-stratum, where the most 
rapid changes in temperature and humidity may be expected. 

The approximate cost of such a tower is $35,000. With regard 
to its height I may say, that, although it would no doubt be ad- 
vantageous to have one much higher, it seems wise, in the first 

. instance, to be content with a moderate elevation ; experience will 
then show whether a more costly structure will give commensurate 
advantages. Admirable results can certainly be achieved with 
600 feet, and a few years work will throw more light upon the 
subject than can be gained by any amount of a priori reasoning. 
The point to be aimed at is to construct the first tower of such a 
height, that the upper stations shall be out of the perturbed earth- 
stratum. This it is believed will be the case if a suitable locality 
is chosen for the erection of one like that described. 

As explained already it is with reference to physical meteorology 
that results may be looked for from observations made in the 

. manner proposed. On weather predictions and questions of 
climate, the knowledge acquired would have an indirect effect 
which need not be discussed at present. Bearing this in mind it 
will be seen that such observations are not identified with a par- 

. ticular locality, as are those made in the ordinary way, and the 

:hope may therefore be entertained, that from a single physical 
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observatory of this kind substantial results of wide and general 
application may be obtained. That hourly, or continuous observa-. 
tions of all the meteorological elements at six stations, on a 
vertical section of the atmosphere 500 feet high, must add greatly- 
to our knowledge, hardly admits of doubt. It would extend the 
length of this paper too much to refer, with any attempt at com-' 
pleteness, to the several questions likely to be advanced by such a < 
record after it has been fully discussed, but a few words may be' 
said of some of them. 

The source from which the atmosphere derives its vaporous- 
constituent is the surface of earth and ocean exposed to it. If • 
the total rainfall represents the total evaporation from that surface,^ 
we can form some conception of the quantity of water which- 
passes through the lower stratum to be diffused throughout the^ 
whole mass of air above. If, then, the absolute quantity of' 
watery vapor which the air contains at any particular time and- 
place is to be used as an important aid to a knowledge of atmos- 
pheric movements and other phenomena, — it is surely wrong to' 
make the determination a few feet from the ground in the thin stra-. 
tum which acts as a carrier of moisture for all that is above it.' 
Such a course it appears to me would only be justifiable, if it were* 
actually impossible to make the observations at such a height as- 
would enable some reliable approximation of the humidity of the- 
aerial current throughout its thickness to be arrived at. That it is 
not impossible is plain ; it is simply difficult ; and if it can be 
shown that the acquisition of such knowledge is a condition of 
success, the sooner that difficulty is attacked and overcome the 
more rapid will be our advance in a department of scientific re- 
search which perhaps, more than any other, afifects our immediate 
well-being. To some extent the effect of elevation above the 
ground on determinations of temperature and moisture, has been- 
in vestigated by meteorologists ; though very few of them have used 
scaffolding in the open field in the manner adopted by Professor^ 
Wild, of Pulkowa Observatory, and Doctor Hamberg, of Upsala, 
both of whom obtained valuable results. But the altitudes reached ' 
have never been sufficient, because they did not extend be3^ond the 
earth-stratum, which, while of variable thickness, and with no* 
definite boundary, may yet be defined as that stratum of the air- 
lying on the earth, which on the one hand is locally modified by 
the temperature and moisture of the soil, and on the other by the 



102 UKTEOBOLOOICAL OB8EBVATIOK8 ; RT J. W. OSBORNE. 

locnl agitation of the air dae to retardation, and its contact with 
obstacles. 

Of the law which expresses the acceleration of the wind as we 
ascend from the earth, almost nothing is known, and 3'et a knowl- 
edge of it, sufficiently exact to enable a calculation of the mean 
velocity of a horizontal current to be made, is essential to a com- 
prehension of the forces which inove groat masses of air from 
place to place. Of the manner in which the change in direction 
from one wind to another takes place we are very ignorant, and 
shall remain so till sensitive instruments, sufficiently elevated to 
free them from the convolutions and gyrations due to retardation, 
are carefully observed and compared. The same may be said of . 
the nature of the intermittent forces, often of great intensity, 
which give rise to gusty and squally weather. Such forces, or 
their manifestations, can only be examined with any hope of 
success, in positions far removed from local complications. 

But perhaps the most important work which a meteorological 
tower like that I have described would render possible, is an ex- 
amination of ascending and descending currents. The existence 
of such currents is undoubted, and the mightiest dynamic results 
are ascribed to them ; but of their velocity and volume nothing is 
known inductively. As long as the observer is on the ground, the 
attempt to measure an ascending column of air is futile ; but at a 
considerable elevation, if sufficiently isolated from disturbances 
of all kinds, there should be no insurmountable difficulty in con- 
triving apparatus which would give both the direction and force of 
such a rising column. The gain to physical meteorology, which 
positive knowledge on this subject would bring, can hardly be 
over-estimated. 

It may be urged that any elevation which a tower can give, is, 
after all, but a small fraction of the height of the atmosphere, and 
the observer is still virtually on the ground. In reply it should be 
said, that, compared with the present practice, such elevations are 
by no means insignificant, and, while greater heights are possible 
in balloons, the advantages they offer are very much more than 
compensated for by the systematic character of the work made 
feasible by the tower. It seems probable that when experience 
has fixed for each group of varying conditions the mean forms of 
the carve, as far as actual observation goes, it can then be carried 
to much greater heights by calculation. Errors may still exist, 
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but in any case the approximation will be mnch nearer the truth 
than if the same were now attempted solely from readings made 
upon the earth. And, when such a system is fully developed, 
wlien physical observatories for meteorology exist in different parts 
of the countr}', as those for astronomy do now, may we not hope 
that the relations between the upper regions of the atmosphere 
and those below may be so well established that the necessary 
weather observations will acquire a new value, and enable deduc- 
tions to be made which are unattainable at present. 



On the Determination of the True Rainfall, by Elevated 
Gauges. By Francis E. Nipiier, of St. Louis, Mo. 

Somewhat over a century ago, the theory gained currency that 
a considerable portion of the rain which falls upon the surface of 
the earth was condensed from the lower strata of the atmosphere, 
within one or two hundred feet of the ground, and did not fall 
from the clouds as would be naturally supposed. This idea grew 
out of the observed fact that rain-gauges, placed at different eleva- 
tions above the ground, showed a less rainfall as the gauges were 
placed at higher elevations. 

Howard, Dr. Traill, and others, suggested that this apparent 
decrease in rainfall for higher elevations was caused by wind, and 
in 186P Jevons proved that condensation in the lower strata is 
in all possible cases inappreciable, and pointed out with clearness 
the action of the wind in robbing the elevated gauges of their rain. 
His explanation is, briefly, that any obstacle placed in a stream of 
air causes the air to sweep around the sides and over the top of 
the obstacle with an increased velocity. As a result, the drops, 
which but for this disturbance in the air current would fall into the 
gauge, are deflected from their jjaths and no longer fall parallel to 
the general direction of the paths in the undisturbed stream. The 
rain drops evidently drift to the leeward. This explanation gives 

iPliil.Mag.,Dec.,186L 
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deserve?, although it must be admitted that the precise form which 
Jevons describes is open to objection. He says : — 

"The most unexceptional rain-gauge would consist of a sheet of 
metal many feet square (for instance ten feet), spread flat upon 
the ground in an open place, with a flat collecting vessel in the 
centre connected by a pipe with a sunken reservoir, or recording 
apparatus. The edges of the vessel should not be higher than an 
inch, so as to present no appreciable obstacle or hollow space to 
the wind. At the same time nothing would be lost by splashing, 
as the splashes within and without the vessel would be equaL" 

The one objection which we have to urge against the accuracy 
of this gauge is, that during heavy rains, an accumulation of 
water in the collecting vessel might render the splashing within 
and without the gauge unequal. 

It probably occurred simultaneously to my colleague, Prof. 
Woodward, and to myself, that this difficulty would be completely 
met by covering Prof. Jevons' metal sheet with square cells of 
equal size, each drained by equal openings at the bottom, one or 
more of those near the centre being used as collectors, the others 
being used only to secure uniformity of splashing. This gauge 
seems to me to be practically perfect, and although it can never be 
generally used, is, nevertheless, of the utmost importance for 
purposes of comparison with 'the more generally used, but cer- 
tainly less accurate forms. Thus far we have been unable to And 
a proper exposure for such a gauge in St. Louis. It is hoped that 
this will be accomplished during the coming year, and that some 
person more favorably situated will also make a similar compari- 
son. 

If Jevons' idea be true it is evident : — 

1. That gauges equally elevated above the ground are not 
necessarily directly comparable ; they must also be equally exposed 
to the winds. 

2. The problem of determining the true rainfall resolves it- 
self into this : how shall a gauge be protected from the wind ? 

One of the most helpful rules in locating a gauge on the ground 
is to place it where light, newly fallen snow does not drift along the 
surface. A large court-yard entirely surrounded by buildings is a 
most excellent location. But there are many important stations 
where it is impossible to secure a ground exposure of any kind, and 
hence the desirability of securing this end by other means. 
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After much consideration, it occurred to me that by shielding 
the gauge from the wind by some device which would deflect the 
wind downwai*ds instead of allowing it to sweep up over the mouth 
of the gauge, the conditions of the pit-gauge of the B. A. Com* 
mittec might be realized. 

After using various forms, with more or less success, the shield 
DOW to be described was adopted as satisfactory. 

The gauge is a cylinder, 7*08 c. m. in diameter ,3 and 18 inches 
long. Six inches from the lower end of the cylinder a false bottom 
is placed, and the cylinder is set over a turned post for support. 
Around this gauge a trumpet-shaped shield is placed, with the 
mouth or flaring part up. The shield is furnished with a clamp- 
screw at the bottom, and is braced near the top by metal strips 
set with their edges up and reaching from the shield to a sliding 
collar which encircles the gauge. By this means the shield can 
be set at any desired altitude on the gauge. The upper part of 
the shield terminates in a horizontal amulus of copper wire-cloth. 
Copper is the best metal for this purpose, as it is always wet by 
the water, and the meshes fill, which aids in deflecting the wind 
downwards. Furthermore, all splashing is avoided, as the drops 
fall through the cloth. In order that this end may be secured the 
wire must be small (No. 20, B. W. G.), the meshes running about 
eight to the inch. Water falling obliquely on this cloth is beauti- 
fully refracted on passing through. 

Two gauges were get at an altitude of six feet above the 
surface, one being unprotected, the other being encircled by a 
shield, the top rim of which was on a level with the mouth of the 
gauge. The gauges were exposed in a yard surrounded on all 
sides by buildings, with the exception of a narrow opening to the 
north, and somewhat wider openings to the south and west. These 
openings were partlj' closed by lattice fences. 

During the last summer and part of the spring, the unshielded 
gauge has shown a rain fall of ninety-seven per cent, of that 
shown b}' the shield gauge. In the determinations of the B. A. 
Committee, it was found that an eight-inch gauge exposed at this 
elevation in an open place, gave about ninety-five per cent, of the 
rainfall of the "pit-gauge." 

The results of these determinations are shown in the table, 

I A cubic centimeter of water fills this gauge to 8 height of 0*01 inch. Of coarse the 
shield can be adapted to any form of gauge. 
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where a indicates the rainfall in the shielded ground gange, and 
u indicates the corresponding values of the unshielded gauge. 

In order to test the eflSciency of tlie shield more severely, six- 
teen gauges were mounted on the roof of the University tower, 
100 feet above the ground. As had been anticipated, the results 
of the different gauges were very different, depending upon the 
direction and force of the wind. Without stopping to detail the 
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experiments made upon the roof, which confirm the results reached 
by others, the conclusions to which we were forced may be briefly 
stated : — 

1. In all cases, with a single exception, the shields were 
advantageous. 

2. It was impossible to find an exposure on the roof where a 
gauge gave uniform results. Those on the lee side frequently 
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gave the same result as the ground gauge, but it seemed to be 
wholly a matter of accident. 

Gauges placed centrally on a large, square and flat roof will 
doubtless give better results. Being unable to secure such an 
exposure on the roof of the University tower, the gauge was 
raised to an elevation of eighteen feet above the roof, and 118 feet 
above the ground. The unshielded gauge thus placed showed a 
loss of ten to fifty per cent, of the shielded ground gauge. 

The shield was placed around the gauge and clamped with its 
rim at various elevations above the top of the gauge. When this 
elevation amounts to an inch, it is necessary to take precautions 
against splashing into the gauge. This was done by placing 
inside the shield a concentric cone of copper wire-cloth, separated 
from the shield by an interspace of half an inch. Equally effec- 
tive is a wooden cone similarly placed, the inside surface being 
lined with bristles similar to those used in the manufacture of 
counter-brushes, and so arranged that the bristles stand vertically. 
Either of these methods is effective. 

The results of the determinations are given in the table, where 
e denotes the elevation of the shield above the top of the gauge, 
and p the rainfall as shown by the shielded pole gauge. 

It appears that when the shield is placed at an elevation of 
three and one-fourth inches, the pole gauge gives the same indica- 
tions as the common gauge at the ground, although differing in 
level 112 feet. There is little doubt that raising the pole gauge 
higher above the roof will cause it to approximate more nearlj^ to 
the true rainfall. The disturbing effect of the building is the only 
source of trouble. 

It appears therefore : — 

1. That the so-called correction due to altitudes of a rain-gauge, 
may be reduced to nt7, by properly shielding the gauge from the 
wind. 

2. That the gauge may then have any convenient altitude when 
not upon a roof. On the roof of a building it is probable that if 
the shielded gauge be properly elevated, the true ground rainfall 
will also be obtained. This point will receive further attention. 
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On the Use of the Tasiukteb roa Mbascring the Heat or 
TUB Stars and of the Suh's Coroka. By Thouah A. 
Ediboit, of Menlo Park, N. J. (Being a Report to Dr. 
Henry Diaper, and presented by his pei'mission). 
To Prof. Henrg Draper, M.D., Director of the Draper Eclipse Erpeditton : 

Dear StR : Tbe instrument wbich I used at Ranlina, Wyoming, 
during the solar eclipse of July 29, 1878, for the purpose of 
meaHuring tbe heat of the sun's corona, was devised by me a aboFt 
time only before that event, and the time was insiiiDcient to give 
it as thorough a test as was desirable to ascertain its full capabili- 
ties and characteristics. 

This instrument I have named tbe tasiraeter, from tbe Greek 
words Taact, extension and /arpo-j, measure, because primarily the 
effect is to measure extension of any kind. The form of instru- 
ment which. 1 used is shown in the annexed wood cut (Fig. 1.) 



With this instrument was used a Thomson's reBecting galvanome- 
ter on a tripod having a resistance of three-fourths of an obm. 
The galvanometer was placed in the bridge wii-e of a Wheatstone 
balance, two of the branches of which had constant resistances 
of ten ohms each, while of the other two one bad a constant of 
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three ohms, and the other contained the tosimeter which woa a<1- 
Justed by means of the screw to thrae ohms. When thus balanced, 
if the strip of vulcanized nibber placed between the fixed point and 
the carbon bntton (seen in Fig. 2), was exposed to heat from any 
source, it expanded, placing pressure upon tlie carbon button thus 
decreasing its resistance and destroying the balance ; thus allowing 
a current to pass through the bridge wire containing the galvano- 
meter, the amount of this current of course being proportional to 
the expansion of the rubber and to the strength of the battery. 

The form of instrument here described was ouly finished two 

days before leaving for the west ; hence, I was unable to test it. 

Fig. J. 



However, I set it np upon my arrival at Rawlins^ but found that 
it was a very difficult matter to balance so delicate an instrument 
as a reflecting galvanometer with one cell of batterj', through such 
small resistances. In fact, I did not succeed in balancing it at 
all in the usual way. Nor could it be balanced in any way until I 
devised a method which I may designate "fractional balancing," 
when it became very easy to accomplish the result and also to 
increase the effect by using two cells in place of a single one. 
This device consisted of a rheostat formed of two rows of pins. 
The rows were about one-half an inch apart. A wire was con- 
nected from a pin on one row to a pin on the other row and so on, 
BO that the current had to pass through the whole length of the 
wire, which was No. 24 gauge and four feet long. This was used 
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as a shunt around the galvanometer. A copper wire connecting 
all the pins of one row served to reduce the resistance to zero. 
When the galvanometer was thus shunted, a very feeble current 
passed through it. If the spot of light was not at zero it was 
brought there by either increasing or decreasing the pressure 
upon the vulcanite of the tasi meter by the adjusting nut. When 
thus brought to zero the copper wire of the shunt rheostat was 
taken off of one pin, thus inci*easing the resistance of the shunt 
perhaps to one-fiftieth of an ohm. The spot of light was generally 
deflected nearly off of the scale. The light was again brought to 
zero by varying the resistance of the tasimeter, and another one- 
half inch of wire included in the shunt, another deflection and 
another balance was obtained by the tasimeter. Thus by gradu- 
ally increasing the delicacy of the galvanometer by Increasing the 
resistance of the sliunt and balancing at ever}' increase, the 
whole of the current was allowed to pass through the galvanome- 
ter and the shunt taken off. When this point was reached the 
damping magnet or director was in close proximity to the case of 
the galvanometer. To increase its delicacy to the fullest extent 
it became necessary to raise the director to the top of the rod. 
This was done by raising it cautiously a quarter of an inch at a 
time, bringing the spot of light to zero each time by the tasimeter. 
' In order to form some idea of the delicacy of the apparatus when 
thus adjusted, a preliminary experiment was made on the evening 
of the 27th, with the star Arcturus. The tasimeter being attached 
to the telescope, the image of the star was brought on the vulcan- 
ized rubber. The spot of light from the galvanometer moved to 
the side of heat. After some minor adjustments, five uniform and 
successive deflections were obtained with the instrument, as the 
light of the star was allowed to fall on the vulcanite to produce 
the deflection, or was screened oflf to allow of a return to zero. 

It was in this condition when the eclipse occurred. The tasime- 
ter was placed in a double tin case, with water at the temperature 
of the air between each case. This case was secured to a Dollond 
telescope of four inches aperture. No eye-piece was used. At the 
moment of totality the spot of light was slowly passing towards 
cold. When I withdrew a tin screen and allowed the edge of the 
luminous corona to fall upon the rubber, the spot of light stopped, 
went gradually off of the scale towards heat, its velocity acceler- 
ating as it approached the end. The time required for the light to 
leave the scale was from four to five seconds. 
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I interposed the screen and endeavored to bring the light back 
to zero, bat I was unsuccessful. Had I known that the heat was 
so great I should have used a platinum strip in place of the vul- 
canite, and decreased the delicacy of the galvanometer by the ap- 
proach of the damping magnet. 

I then would doubtless have succeeded in getting two or more 
readings, and afterwards by comparison with bodies of known 
temperature would have obtained a near approach to the tempera- 
ture of the sun's corona. 



The Sonorous Voltameter. By Thomas A. Edison, of Menlo 
Park, New Jersey. 

The sonorous or bubble voltameter consists of an electrolytic 
cell with two electrodes, one in free contact with a standard de- 
composable solution and the other completely insulated by vulcan- 
ized rubber except two small apertures, one of which gives the 
solution free access to the insulated electrode, and the other allows 
the escape of bubbles of hydrogen as they are evolved by electro- 
lysis. With a given current and a given resistance a bubble is 
obtained each second, which is seen at the moment of rise and 
which at the same time gives a sound when it reaches the air. 
The resistance may be increased so as to give one bubble in one, 
five, ten or fifty seconds, or in as many hours. I have compared ^ 
this instrument with the ordinary voltameter, and find it much 
more accurate. By the use of a very small insulated electrode 
and but one aperture, through which both the gas and water cur- 
rent must pass, great increase of resistance takes place at the 
moment when the bubble is forming ; and just before it rises, a 
sounder magnet included within the battery circuit opens, closing 
again when the bubble escapes, thus allowing b}'' means of a 
Morse register the time of the bubble to be recorded automati- 
cally. This apparatus, when properly made, will be found very 
reliable and useful in some kinds of work, such as measuring the 
electro-motive force of batteries, etc. By shunting the voltameter 
and using a recorder it becomes a measurer not only of the cur- 
rent passing at the time, but also of that which has passed through 
a circuit from any source during a given interval. 
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scope is provided with a positive eye-piece of au equivalent focal 
length of one inch, and also with a needle micrometer, having an 
eye-piece of one-half inch focus. The graduations upon this mi- 
crometer are strongly cut, enabling the positions and the dis- 
tances of the lines measured with it to be easily read even in a 
faint light. The spectroscope was firmly attached to the draw 
tube of the equatorial telescope by means of an open frame made 
by Zentma^^er, so that the position of the image with reference to 
the slit could be readily observed. 

The time from the 19th of July, the date of our arrival at Raw- 
lins, until the 29th, was occupied in setting up the instruments, in 
getting them into adjustment, and in practice with them. It was 
found that with only one of the compound prisms of the Merz 
spectroscope, the slit being placed radially, it was easy to observe 
the lines C and F reversed in the chromosphere, and also the 
bright line Dg. On the morning of the day of the eclipse, the 
solar edge was examined for protuberances, in order to locate 
them in advance of totality. But a single one was noticed, this 
being on the southwestern edge of the sun. As the time of first 
contact approached, the spectroscope was removed and a paper 
screen was attached to the draw-tube, an image of the sun being 
formed on this screen by means of the eye-piece ; thus enabling 
the time of this contact to be approximately determined and the 
subsequent progress of the eclipse to be conveniently observed. 
No spots were seen under these circumstances, though this could 
hardly have been expected since the solar image was so small, 
scarcely three inches in diameter, unless the spots were of large 
size. As the time of second contact drew near, the spectroscope 
was replaced upon the equatorial. Since you deemed it of 
importance to pay special attention to the oxygen lines in the 
vicinity of G, the micrometer of this instrument was, at your 
suggestion, so adjusted that one of its needle-points rested -on 
the hydrogen line near G and the other on the line known as /i. 
After the last ray of sunlight had disappeared, I took a few sec- 
onds of the precious time to observe the eclipse with the naked 
e3'e. The moon appeared intensely black, surrounded by a pink- 
ish halo, extending to about two-fifths of a lunar diameter from 
the limb, and occupying the entire circumference. At two points 
this halo was expanded into radial streamers, one of which had 
parallel sides with a deeply indented or swallow-tailed end, ex- 
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tending westward of the sun and apparently lying in the ecliptic ; 
the other appeared single, was on the eastern edge, and was in- 
clined twenty degi^ees or more to the north of the ecliptic. The 
former of these streamers was traced to a distance of about a 
lunar diameter from the edge, the latter to a somewhat less dis- 
tance. No structure could be seen in the halo, but in the stream- 
ers traces of parallel rays appeared to be present. The amount 
of light emitted by the corona was a surprise to me. Preparations 
had been made for using artificial light for reading the circles, but 
this was found not to be at all necessary. The amount of light 
seemed to be nearly or quite equal to that given by the moon when 
ten days old. No protuberances were seen with the naked eye ; 
nor were any streamers obsei*ved, other than those already de- 
scribed. A glance at the eclipsed sun was then taken through the 
finder of the equatorial. The magnifying power being low, the 
corona presented much the same appearance as to the naked eye ; 
but the streamers showed much more distinct evidences of a radi- 
ated structure and a pale rosy protuberance was observed on the 
southwestern edge of the dark disk. This was undoubtedly the 
same prominence which was observed previous to totality. 

Turning my attention now to the spectroscope, upon the slit of 
which the coronal image had already been brought by means of 
the finder, the slit being placed radially, the first glance through 
the instrument showed me a bright, but an absolutely continuous 
spectrum. The region under examination was of course that por- 
tion of the spectrum which had been placed l>efore totality be- 
tween the needle-points of the micrometer. Totally unprepared 
for so unexpected a result, I moved the observing telescope so as 
to bring the green portion of the spectrum into the field, expect- 
ing certainly to see 1474 K, and b}' the appearance of this line to 
determine whether my instrument was out of adjustment; and 
if it were, to adjust it again. But no bright line was there; 
the green region appeared as continuous as the blue. I then 
gradually closed the slit — which had been previously adjusted on 
the solar spectrum so that the line D appeared nebulous on its 
edges — thinking that I might in this way improve the definition, 
but with no better results ; no bright lines could be seen. To my 
great surprise, however, when the slit was thus narrowed, the 
region which was then under examination, that extending from b 
to 6, appeared filled with dark lines on the brighter background 
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these dark lines being, readily recognized from their general ap- 
pearance as the solar lines of Fraunliofer. Still intent on getting 
bright lines, I opened the slit again gradually, moved the observ- 
ing telescope over the entire length of the spectrum from red to 
.violet, repeating the operation three times and varying the width 
of the slit from time to time in each region ; but not a single 
bright line could be detected. I then requested you to come and 
take a glance through my spectroscope, as had been previously 
agreed ; saying that although I could see dark lines and a con- 
tinuous spectrum, I was unable to detect a single bright -Jine, 
and knew not what to make of it. You were then looking at 
the eclipse through your ingenious little telespectroscope of two 
inches aperture. You came to my instrument, looked at the spec- 
trum, moved the observing telescope over its whole length and 
remarked that the results in my spectroscope agreed entirely with 
those in yours, and that the spectrum appeared in both absolutely 
continuous. 

My mind being thus relieved, I took my place again at the spec- 
troscope, and this time, placing the slit tangential to the moon's 
limb, I moved the observing telescope from end to end of the 
spectrum, opening and closing the slit at intervals ; but the spec- 
trum appeared as continuous as before. Again the image was 
adjusted so that the slit was once more radial ; and this time on 
still a different portion of the corona. On examining again the 
spectrum, no bright lines appeared, except once for an instant, 
when the slit passed over the small chromospheric prominence 
already noticed. Warned by Mrs. Draper's clear and distinct 
counting that the precious 165 seconds had two-thirds gone, I 
decided to devote the time still remaining to a more careful obser- 
vation of the dark Fraunhofcr lines. Now, for the first time, as 
I adjusted the width of the slit and its position on the corona with 
more care, I observed that these lines did not pass clear across the 
field, but were of a length corresponding to the width of the coro- 
nal image on the slit. At the base of the spectrum, which corre-. 
sponded to the base of the corona, they appeared bright and 
sharp ; certainly quite as much so as in the light of the moon simi- 
larly condensed ; though the continuous spectrum which formed 
their background was relatively brighter than in moonlight. There 
was no difiSculty in identifying them as Fraunhofer lines from their 
general appearance and position ; but some of them could be iden- 



BT. GEORGE F. BARKER. 117 

tified beyond question. Such were b and F, which were especially 
distinct, D, E, and 6, which were considerably less so. They faded 
gradually out from the base of the spectrum upward, appearing 
to end where the continuous spectrum of the corona was limited 
above. While thus employed, a flash of sunlight told us that 
totality had ended and tbat the solar eclipse of 1878 was over. 

In discussing the results of the spectroscopic observations which 
have now been detailed, I am, in the first place, quite at a loss to 
account for the fact that no bright lines were seen by me, notwith- 
standing the persistent .efforts made to get them. The failure to 
observe them can be accounted for, as it would seem, only on the 
ground that with the dispersive power employed, the bright lines 
were too faint to be seen on the much brighter background of the 
continuous spectrum. 

The lessons to be drawn from these spectroscopic observations 
appear to be few and simple. Tiie absence of bright lines, or at 
least of any which were at all brilliant, proves clearly the absence 
in the solar coronal region of any considerable mass of incandes- 
cent gas or vapor ; which shining by its own light would of course 
give a bright line spectrum. The presence of Fraunhofer lines in 
the coronal spectrum shows conclusively the presence of reflected 
sunlight in the light of the corona and goes to establish the theory 
long ago suggested, that masses of meteoric matter i*aining down 
upon the solar surface from all directions, reflected to us the light 
of the sun and were therefore the essential cause of the coronal 
phenomena. And, finally, the fact of the increased brightness of 
the continuous spectrum, as compared with the intensity of the 
dark lines of Fraunhofer, goes to strengthen the probability that 
there is still other *light in the corona which comes to us from the 
incandescent liquid or solid matter of these incandescent meteorio 
masses. These conclusions, deduced very simply from my own 
spectroscopic results, agree completely, I am happy to find, with 
those drawn from your most excellent photographs, as well as from 
the ingenious heat-measurements of Dr. Edison and the polarisco* 
pic determinations of Dr. Morton. 

In concluding this report you will permit me, I am sure, to ex- 
press the great gratification which the Draper Eclipse Expedition 
has continually afforded me. The delight at being able to witness 
a total eclipse of the sun has been intensified by the complete suo- 
eess of all the attempts made to observe it, and by the most agi*ee- 
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able companionship during the trip. My obligation to yon for the 
opportunity is as profound as my thanks to you for it are sincere 
and cordial. 



On ▲ New Method of Measuring the Fitch of a Tuning 
Fork. By George F. Barker, of Philadelphia, Pa. 

The methods which have thus far been employed to estimate 
directly the absolute pitch of a tuning fork are for the most part 
graphic methods, in which the fork records its own rate of vibra- 
tion. Of these, the phonautographic. method as improved by 
Koenig, and the modified form of it devised by Miiller, are probably 
the best. In the former, a light compound style, consisting of a 
bristle tipped with a piece of feather, is attached by means of wax 
to one prong of the fork to be measured. In the latter, a style 
of thin metal is similarly attached. Since a similar weight must 
be attached to the second prong to balance the first, and since a 
fork loaded in this way must have a diffei^nt rate from that which 
it has when vibrating free, I have been led to propose a method 
for recording automatically the pitch of a tuning fork, without 
interfering in any way with its normal rate. The method rests on 
the principle of the induction of a magneto-electric current by the 
motion of a vibrating magnetic body. The fork to be measured is 
first magnetized and is then vibrated by means of the bow, in 
close proximity to the pole of an electro-magnet of suitable re- 
sistance. £lectric currents are thus generated, alternate in direc- 
tion, which flow through the circuit. It remains to devise a method 
for recording these alternations of current, the rapidity of which 
represents the pitch of the fork. Since the currents generated 
are feeble, the means of recording them must be correspondingly 
sensitive. For currents of considerable strength the record may 
be readily obtained by the ordinary chemical telegraph method, in 
the form known as the automatic. A metal pulley, revolved by a 
multiplying wheel, furnished with guides by which a strip of paper 
moistened with a solution of potassium ferricyanide may bo kept 
upon it and carried along with it as it revolves, is connected with 



BT GEORGE F. BARKER. 119 

the negative electrode, a piece of iron wire being connected with 
the positive. Whenever the current passes, the iron being in 
contact with the paper, a blue stain appears, continuous if the 
current is so, interrupted if the current is intermittent. In the 
fork experiment a sufficiently strong current would show a series 
of dots on the paper, each one corresponding to one complete 
vibration of the fork. 

Tliis method is not sufficiently delicate, however, for the matter 
in question. For an improvement upon it I am indebted to a 
suggestion of my friend Dr. Edison, based upon a discovery of his 
that tellurium when used in this way is excessively sensitive to 
the electrol3^tic action of hydrogen. A minute point of tellurium, 
connected with the negative electrode, and drawn over moistened 
paper, leaves a trace, which, if the motion be exceedingly rapid, is 
reddish-brown in color close to the point, but which becomes 
almost instantly a jet-black, and is permanent. No effect at all 
results if 'the positive electrode be connected with the tellurium. 
Moreover, this action is not only exceedingly delicate, so that it 
may be used with very feeble currents, but it is also exceedingly 
prompt, as many as 1200 distinct dots having been made with it 
in the space of a single inch ; thus enabling it to serve admirably 
for the research under discussion. 

The apparatus required for the method of measurement now 
proposed, will consist as follows : first, of a suitable electro-magnet, 
whose resistance has been determined. Second, of the fork to be 
measured, sufficiently magnetized, and clamped so that one of its 
prongs may vibrate close to one of the poles of the electro-magnet. 
Third, of a roller, driven by a multiplying wheel or by clock-work, 
carrying on its face a strip of moistened paper, and connected by 
a wire to the electro-magnet. Fourth, of an iron wire, tipped with 
tellurium, held so that its point may press on the paper, and so 
connected to the electro- magnet that the point repreisents the nega- 
tive electrode. And fifth, of an apparatus for comparison, which 
may be either a seconds pendulum, in cases where the vibration 
numbers are low, or an electro-magnetically vibrated fork, inter- 
mediate in rapidity, whose rate has been carefully determined in 
comparison with the pendulum, by the present method, which shall 
make the absolute time-record on the same strips of paper by 
means of a similar recording apparatus. To use the apparatus, 
one wire of the electro-magnet is connected with the tellurium pen. 
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the other with the roller, over which the moistened paper passes, 
the second tellurium pen being placed in the circuit of the battery 
working the comparison fork, and suitably shunted. The fork is 
magnetized and so adjusted as to vibrate in close proximity to the 
electro-magnet, when it is bowed. Of course it is immaterial what 
the polarity of the prong nearest the magnet is, since its vibration 
toward this magnet generates currents opposite in direction from 
those produced when it vibrates from it, and one or the other of 
these will be negative and produce the stain with the telhirium 
pen, thus registering only complete vibrations. The comparison 
fork is now set into vibration, and the adjustments necessary' to 
get a sharp and clear record on the paper, are made. The fork to 
be measured is then bowed, and the like adjustments made. Both 
forks are then made to vibrate, and different lengths of the paper 
are run off in the same interval ; say one, five, ten, fifteen, or 
twenty feet in a second. Subsequent comparison will give the 
ratio of the vibration numbers in the two cases ; and knowing the 
absolute number given by the comparison fork, those of the other 
are easily calculated. 

It may be objected to the method of measurement now described 
that the results obtained by it may be somewhat inaccurate, owing 
to the rate of the fork being changed by its magnetization. Al- 
though direct experiment has shown that this objection has no 
real weight, and that the rate of the fork is sensibly the same both 
before and after magnetization, yet it seemed worth while to alter 
the form of the experiment to avoid this possible cause of error. 
This is easily and very simply done. In place of using a magne- 
tized fork, the fork is used in its ordinary unmagnetized condition. 
A more or less feeble battery current is caused to flow through the 
electro-magnet, the direction of this current being fixed by the 
fact that the pen, whether shunted or not, must be connected with 
the negative electrode. When now the fork is caused to vibrate, 
the alternate approach and recession of one of its prongs to the 
magnet, will, by inducing a counter current, weaken or strengthen 
the primary current, and thus produce the dots upon the paper, 
the pen being suitably adjusted. Still a third arrangement may 
be preferred in special cases. In place of using a battery current, 
the electro-magnet may have a permanent steel magnet as its core. 
The vibration of an unmagnetized fork, close to the pole of such a 
magnetized core, would generate electric currents precisely in the 
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same way as if the Tork and not the core ivere magnetized. The 
same general foim of apparatus would be used in each of these 

three mclhoils. 

It nill be seen that the form of apparatus last described is es- 
sentially similar in principle to that involved in the construction of 
the magneto -electric teleplione. Indeed, the latter instrument in 
any of the identical forms now so universally used, may be em- 
ployed to measure the rate of vibration in oases where the vibrating 
body is not magnetic, i. e., in the case of air, of a stiing, of a 
plate, etc. By sounding an organ pipe near a suitably constructed 
teleplione of this sort, the pitch may be automatically recorded 
upon paper. Moreover, not only may the whole range of simple 
sounds be thus automatically recorded, and their pitch determined, 
but the harmonics of compound sounds may also be obtained. 
Indeed, as is well known, it was the paper record of spoken words, 
obtained by Dr. Edison by speaking into bis carbon telephone, that 
led him to tbe construction of that marvellous instrument, the 
phonograph. Whether the paper record, made by tellurium, will 
ever rival in delicacy that of the phonograph, is a matter yet to bo 
Investigated. 

Thus fur, this method of measuring the pitch of a fork has been 
need only in a qualitative way for purposes of demonstration. A 
series of experiments now in progress, will establish its quantiti^ 
tive accuracy. 



On a Modified Form op Telephone, 
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magnet, with one north pole in the centre, and eight south poles 
more or less at the circumference. As the diaphragm is nearly in 
contact with the poles, all bent up to meet it, it is magnetic by 
induction, having south polarity in the centre and north polarity 
at its circumference, so that the coil is entirely surrounded by 
magnetic iron and steel, but every turn of the coil also very close 
to the magnetic metal. Experiments have proved the great deli- 
cacy of this arrangement, so that, for instance, currents in gas 
pipes were detected where other means failed. 

Tliis modification of the telephone is the invention of N. J. Van 
der Weyde, a civil engineer and son of the writer. 
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Fellow Members of the Subsection of Chemistry: — 

Okce a year it is our pleasure and our privilege to meet to- 
gether, for the interchange of views^upon the questions of chemical 
science ; for the comparison of notes in our various lines of re- 
search ; for mutual help, sympathy and improvement. It is also, 
I suppose, a part of our work to attract public attention to the 
subjects that interest us, and to do what we can to secure for 
chemistry a wider appreciation and greater means for development. 
No branch of science has done more for civilization than ours. 
Old industries have been revolutionized, and new ones created ; 
things which were once the luxuries of the few have been made 
the daily necessities of the many ; all arts and all manufactures 
owe tribute to the chemist. A comparatively small number of 
men, a majority of them teachers, working only in their intervals 
of leisure, established the principles which have brought about 
these wonderful results. If small means, widely scattered and 
unsystematically used, have wrought such marvels, what may we 
not expect from the greater opportunities which a more general 
comprehension of the value of our labors must eventually bring? 

To the members of this subsection, the economical achievements 
of chemistry are familiar as household words. As we look about 
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US in onr daily lives, we see in every direction the fruits of chemical 
investigations. Every scrap of metal ; all paints, varnishes, fats, 
oils and fertilizers ; every bit of glass or porcelain ; ever}^ cake 
of soap or box of matches, embodies some improvement which 
chemistry has made. Our linen is bleached and our outer garments 
are dyed with the products of the laboratory. Whether we burn 
candles, gas, or kerosene, we still have chemistry to thank for 
nearly all there is of cleanliness, convenience, brilliancy, purity, 
and cheapness in the light. In many articles of food, and in a 
long list of medicines ; in the photograph and the galvanic battery ; 
by the conversion of waste rubbish into article^ of beauty and 
usefulness ; in short, through a vast network of improvements and 
discoveries, our still infant science has established its claims to 
recognition as a benefactor of mankind. Would that the multi- 
tudes who have enjoj-ed these benefits might see their sources as 
clearly as we do ! Then would science be fostered and encouraged, 
where now it struggles feebly to secure a gruiiging and scanty 
support. 

A single discovery of the chemist may work peaceful revolutions 
in many departments of labor. Pardon me if I pause to illustrate 
this truism by a very familiar example. Even for us it is not a 
waste of time to look backward occasionally, and to consider the 
consequences developed from one greal research or invention. 
Such considerations may well strengthen us in our hopes for the 
future of cliemistry. 

Nearly ninety j^ears ago, Le Blanc discovered his famous process 
for converting common salt into soda. No process could be much 
simpler than this, and yet in its ramifications it has afifected every 
branch of civilized society. In the first place, it widened the field 
of labor. Certain materials were needed at the start, namely: 
salt itself, charcoal, limestone, and sulphuric acid ; and many 
workmen found employment in their production. By the new 
demand for sulphuric acid, this important compound was rendered 
cheaper, and every other chemical industry was thus directly 
facilitated. If the familiar saying be true, that the degree of 
civilization to which any country has attained may be measured 
by the amount of sulphuric acid it consumes, then the impor- 
tance of this single item can scarcely be over-estimated. Passing 
from the materials employed to the process itself, we find that 
incidentally, as a by-product, it furnishes immense quantities of 
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h)'cirocbloric acid at a minirauin of cost, and that here again all 
branches of manufacturing chemistr}'^ receive direct benefit. As a 
final result — if indeed, any result can properly be called final — 
we find that the soda, for which the process was devised, has been 
enormously cheapened. In 1814, soda crystals were worth about 
three hundred dollars per ton. By 1861, the price had fallen to 
twenty-two dollars ; five thousand tons a week were produced, 
and ten thousand laborers found direct employment. This does 
not include the labor engaged in furnishing materials for the 
process, nor that incidentally stimulated through other industries. 
By the cheapening of soda, other things of more generally familiar 
utility were cheapened also. Chief among these we may mention 
glass and soap, two articles in which soda is a leading ingredient. 
Such a reduction in the price of soda as that just indicated could 
not but work wonders here. As glass and soap became cheaper, 
the demand for them naturally increased ; and hence, through Le 
Blanc's invention, our houses are better lighted, cleanliness has 
been encouraged, and the public health, because of these stepa 
forward, has unquestionably been improved. In short, the results 
of this single invention, direct and indirect, can be traced into 
nearly every department of human industry. These results have 
been exclusively beneficial. All of us share in their advantages, 
and no one has been injured. They have given employment to 
many thousands of laborers, and that without prejudice to older 
occupations. And thus it is in some degree with every discovery 
of the chemist. Each one is like a grain of corn, small in itself, 
and yet a germ from which may spring the food of numberless 
future generations. In the course of our labors, many grains may 
fall by the wayside and bring but small return ; still, that which 
sinks into fertile soil will yield a thousand fold reward to the 
sower. 

I need build no argument upon the facts I have just given. 
They stand before us, not only on the pages of books, but em- 
bodied in countless manufactories scattered all over the civilized 
world. They render life pleasanter, easier, more comfortable. 
They are the sources from which- future discoveries shall flow, and 
help to make certain the steady growth of civilization. If the 
general public is not interested in chemistry, it is because we as 
chemists have neglected a part of our dut3^ We have but to 
speak, in order to command the public ear. Our work is work of 

A. A. A. S.) VOL. XXVU. 9 



180 ADDRESS OF 

national importance, and is sure in time of national recognition. 
Let us ask ourselves to-day how the splendid achievements of the 
past may be made more fruitful ; and what measures and what re- 
searches will best advance the interests of our science in the future. 

It is safe to assert that in every science there is some central 
line of growth, to which all details are subordinated, and along 
which its fundamental principles find their readiest and most logi- 
cal development. Here lie the germs of future generalizations ; 
whatever promise there may be of greater exactness, either in 
methods or in data ; and all those deeper conceptions which most 
intimately connect a given science with other branches of thought 
and knowledge. Without such a main stem, each science would 
be but a mass of scattered details ; isolated facts ; fragmentary 
principles ; with little coherence or order. True, we may fail to 
recognize a real line of growth, or we may follow a false clew, and 
yet make discoveries of great value ; but without clear ideas upon 
this subject the highest work is impossible. In physics, the 
doctrines of the conservation of energy and the correlation of 
forces are points on the central line. In the study of organized 
life, the theory of evolution indicates a main stem. How is it 
with chemistry ? 

Among chemists to-day there seem to be two schools ; at least 
practically, if not in point of abstract theory. It is almost as if 
the line of growth had divided, so that we can hardly tell which 
is the greater, and which the lesser stem. One school, represented 
by a large majority of modern working chemists, seems to take an 
interest only in the statical side of the science ; its chief aim is to 
discover immense numbers of new compounds, and to theorize 
upon their constitution. Strangely enough, these chemists have 
devoted nine-tenths of their energy to the compounds of a single 
element, carbon ; scarcely regarding other substances save in so 
far as they unite with this or with bodies containing it. To me it 
sometimes seems as if, in the light of their labors, chemistry was 
to be defined as the science of speculating upon the possible posi- 
tion of theoretical atoms within imaginary molecules. Do not 
think, however, that I underrate the value of the work they have 
done. I fully recognize its importance, although I consider it un- 
fortunate that so much time and energy should have been spent in 
this one line of research, to the neglect of other, and I believe 
greater, fields of investigation. 
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The other school of chemists, a school which seems to be rapidly 
gi*owing in England and to be gaining industrions votaries else* 
where, may be described as essentially dynamical in its ideas. It 
sees in every chemical reaction three objects of study : first, the 
substances which enter into the reaction ; secondly, the phenomena 
which occur during the reaction ; tliirdly, the substances produced 
by the reaction. The second term, the term which involves all the 
transformations of energy, is to them of at least equal importance 
with the others. In this they study the play of forces attendant 
upon the formation and destruction of compounds, the appearance 
or disappearance of heat, the velocity of the change, the effects of 
pressure, the alterations in volume, and so on. To them, every 
element and ever}' reaction is important and interesting; they 
strive to see each change of composition in all its relations ; to 
study processes as well as results ; to recognize the intimate con- 
nection between chemistry and other sciences. . Does it not seem 
as if these workers were pretty nearly on the right track ? Is not 
their method of study the deepest and broadest? Does it not 
really include all there is of permanent value in the other school? 
To me at least it seems as if here the great advances are to be 
made, and the central line of growth discovered. 

This feeling is justified, I believe, by history. Much of the 
best progress in chemical science has been made on the phj^sical 
side. In truth, chemistry and physics are but one at bottom, hav- 
ing their roots in the same fundamental principles. Electricity 
cannot be studied apart from chemical considerations, neither can 
light nor heat. Nor are we able to understand truly a chemical 
operation until we know a good deal about the ph3'sical forces 
which it necessarily involves. Neither science can be mastered 
apart from the other ; for they are but two great branches from 
one common line of growth. The molecular theory, without which 
modern chemistry could hardly have existed, rests mainl}'* upon 
physical foundations. Apart from the laws of Avogadro and 
Ampere, of Dulong and Petit, of Boyle and Marriotte, of Gay 
Lussac and Charles, much which is now plain and orderly to the 
chemist would be chaotic and unmanageable. Doubtless, at some 
future time, the investigations of Mitscherlich and others into 
isomorphism, of Kopp into molecular volumes, of Thomsen and 
Berthelot into thermochemistry, of Gladstone into refractive in- 
dices, of Harcourt and Esson, and Boguski and Kajander into the 
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velocity of chemical changes, will lead to generalizations of eqaal 
importance with these. The workers I have named, with many 
others equally worthy of naming, have already done enough to 
give us glimpses of great laws which we are as 3'et unable to see 
in their entirety. These glimpses forward are like promises made 
by Nature ; sometime to be fulfilled, certainl}"^ never to be broken. 
Were we to take from chemistry all that has been done upon the 
physical side, how little true science would remain ! We sliould 
have left but little law and little order ; scarcely more than a vast 
mass of scattered facts and details, unconnected with any funda- 
mental conceptions or any definite method of scientific research. 
Physics, stripped of its chemical portion, might make a somewhat 
better showing; but even then it would be little more than a 
skeleton of what it now is. Neither science can be strong without 
the other. 

One of the main, objects of science is to render prevision possi- 
ble. The mbre thoroughly our knowledge is coordinated, the 
better are we able to predict the nearer discoveries of the future, 
and to see what lines of research will be most fruitful. Science is 
continually striving after exactness; of which this prevision is 
one of the results. The line, therefore, which leads mo§t directly 
to definiteness and precision in an}' department of knowledge, is 
evidently the true line of growth which we should seek to find and 
to follow. Nature marks out pathways for us, even though we 
close our eyes to her indications. 

To-day, notwithstanding its brilliant achievements in the past, 
chemistry is an inexact science. From top to bottom, from begin- 
ning to end, it shows signs of imperfection. Indeed, to most 
minds, this incompleteness is a great charm. There is so much to 
be done in chemistry, so many lines of research to follow out, so 
many discoveries to be made, so much glory to be won and good 
to be accomplished, that an active mind can hardly fail of being 
attracted. We may well feel, with the German philosopher, that 
the power to search after truth is more precious than truth itself. 
Were it possible for any science to become absolutely perfect, we 
should but idly fold our hands and enjoy its fruits, caring little for 
the history behind us, or for a future which could bring us nothing 
more. Perhaps, in the beneficence of Nature, we might even lapse 
into forgetfulness, in order that our descendants could enjoy the 
pleasure of a rediscovery. Speaking simply in a relative sense, 
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chemistry is an eminently imperfect science. In experimental re- 
sources it is wonderfully rich ; in delicate methods of investigation 
no other science can surpass it; but in those principles which 
render foresight possible, chemistry is poor and meagre. We may 
guess the existence of some undiscovered compound, but until we 
have prepared it what can we tell of its properties? A little 
perhaps, a very little ; and that only approximately. Of its rela- 
tions to the great forces of Nature, we know in advance almost 
nothing. We are able only to devise for it some "structural 
formula" which shall last for about five years, and then be replaced 
b}'' another of equally perishable quality. We are, in fact, to-day 
but laying the foundations of a future science, which shall be to 
the chemistry of the present what that is to the alchemy of the 
past. What the chemist has already done for humanit}'^ has been 
done in spite of difficulties and defe.cts ; it is but a trifle compared 
with that which shall be accomplished in the better time to come. 
Enough has been done to prove the possibilit}'' of more ; to en- 
courage the investigator in his labors ; to show the public that 
here is something worthy of stud}', of help, and of applause. 

There are three great objects of investigation in chemistry as 
seen under its present aspects ; three central problems upon which 
all else depends. First, what laws govern the transformations of 
energy that occur during chemical changes? Second, how do the 
properties of compounds stand related to those of the elements 
contained in them? Third, what is the nature of chemical union? 
These problems must be studied largely together ; each one in the 
light of the other two. The first and second, however, are more 
practical in character than the third, and involve less speculation. 
They need for their solution severe experimental researches, the 
exact determination of numerical data, and reasoning of a rigidly 
mathematical kind. Under the third problem, we encounter the 
chief speculations of chemistry, hypotheses which serve to suggest 
and stimulate investigations with regard to the other two, while at 
the same time dependent upon these latter for the security of their 
foundations. The nature of the elements, whether one or many ; 
the truth or falsity of the atomic theory ; all questions of intermo- 
lecular structure ; the validity of certain formul© ; the value of such 
doctrines as that of quantivalence ; these are the ideas with which 
this problem has to do. Each one of these theoretical questions 
is but a special case depending for its answer upon our views con- 
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oerning the main point of all. Plainly, the first thing for chemis- 
try to do is to make sure of its foundations ; using speculation 
only as a line by which parts of the work may possibly be helped 
and guided. 

The only foundations which can stand the test of time, in such 
a science as ours, are exact, rigorous, quantitative measurements. 
We already know tolerably well in a qualitative way what trans« 
formations of energy occur in chemical changes ; the question now 
is as to their definite numerical relations. How much heat appears 
or vanishes in any given reaction ? what is the exact electromotive 
force of an}' specified couple? what laws of quantity connect 
actinic energy with particular combinations or decompositions? 
These are the questions that science now asks, and for which in a 
few cases we are just beginning to find answers. The physicist 
approaches these questions from one side, the chemist from 
another ; eventually the two will meet, and a general solution will 
be found. From our knowledge of forces on the one hand, and of 
substances on the other, we shall become able to compute the 
d3'namical relations of every possible chemical change, and perhaps 
even to determine in advance what reactions can and what cannot 
take place. 

Although the foregoing statements relate specifically to the first 
of the three great problems, similar principles apply to the second. 
If we are to determine what general laws connect the properties 
of compounds with those of the elements contained in them, we 
must first secure a large mass of well-established data to work 
from. For a very large number of subtances, such constants as 
density, crystalline form, melting and boiling point, thermal con- 
ductivity, specific and latent heat, co-efficient of expansion, index 
of refraction, electrical resistance, and so on, ought to be rigor- 
ously ascertained. With such accurate data, we may hope to 
reach the desired laws ; without them we can see but a little way. 
Moreover, every constant should be determined in a much more 
thorough manner than any have been determined hitherto. Eveiy 
measurement should be repeated many times, and under all attaina- 
ble conditipns ; otherwise the work would be manifestly incomplete. 

Fragmentary researches of this kind have already been carried 
out in great number ; but how ? In some directions I have tried 
to collect the evidence, in order that we might know what data 
were really available, and where the worst gaps lay. The dis- 
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crepancies which sometimes come to light are amazing. Take a 
large number of specific gravity determinations for any given 
compound, and see how discordant they are. The values will 
range through wide limits, so that it is often impossible to say 
which one out of several is the best. These variations may be 
due partly to bad work, and partly to unrecognized differences in 
chemical constitution. Some of them are so peculiar that they 
can hardl3' be explained, except upon the hypothesis that they 
spring from some undiscovered allotropy or isomerism. The me- 
tallic iodides furnish some good illustrations of this idea. The 
well-known properties of mercuric iodide. Rod well's experiments 
upon silver iodide, and Cooke's researches into antimony iodide, 
are sufficiently suggestive. When, therefore, we meet with dis- 
cordant specific gravity determinations among other iodides, we 
may reasonably suppose that one experimenter has dealt with one 
allotrope, and another with another; both unconscious of any 
existing differences. But however this may be, the discordance of 
so many data, not only among specific gravity measurcmentn, but 
in all other series of determinations, serves to show how little we 
really know, how much work remains to be done freshly, and how 
much ought to be done over again. Of all the figures upon which 
we now rely for the solution of these grander problems, at least 
three-fourths should be scrupulously redetermined ; and even after 
that had been done, our material would still be wofully insufidcient. 
The kind of work we need may be well illustrated by the classical 
labors of Stas upon the atomic weights, and the immortal re- 
searches of Regnault into the physical properties of vapors. Such 
work as this will give imperishable foundations for exact science, 
strong enough and broad enough to sustain the most stately edifice 
which the human intellect can rear. 

To m}' mind, the investigation of this sort most immediately 
needed is the accurate determination of all the physical constants 
for all the so-called elements. This would supply evidence di- 
rectly related to all three of the great problems. We might thus 
learn something about the nature of the elements themselves, and 
how far the transformations of energy due to chemical action de- 
pended upon their individual characters ; we should also be put 
in some position to predict the properties of compounds. In 
many important lines of research, science would then replace 
speculation ; and the imagination could still find ample fields in 
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which to exert its powers. As yet, such work as this has not been 
done for even one of the sixty-five or sixty-six elements known. 
Take iron, for example ; the most important of the metals ; one 
which has been the subject of numberless practical researches ; and 
we as yet know it in these more purely scientific relations barely 
on the surface. Not a single series of ph3^sical constants has yet 
been thoroughly determined with regard to it, notwithstanding the 
light tliat such investigations might shed upon important industrial 
problems. We know a little here and a little there ; a bit about 
its thermal properties and another bit about its electrical proper- 
ties, but nothing S3^stematicall3' and well. As for gold, silver, 
copper and mercury, rather more is known ; but even with these 
elements not a tenth of what ought to be done has reall}' been 
accomplished. 

The reason for such incompleteness in chemistry is suflSciently 
evident. Indeed, I have already hinted at it. The labor of inves- 
tigation hitherto has fallen chiefly upon the shoulders of volun- 
teers, who have worked in great measure independently of each 
other, every man following his own particular bent. Part of the 
work has been done by teachers, in their odd moments of freedom 
from the drudgery of instruction ; other portions were carried out 
b}' inventors, or by manufacturers with reference to special indus- 
trial questions. There has been little cooperation, and no organi- 
zation of efforts. The one class of investigators has sought for 
the glory which brilliant discoveries bring ; the other has labored 
to secure pecuniary rewards. Thus has our pure science grown 
unsystematically, and our applied science has been imperfectly 
applied. The two depend upon each other ; and the more complete 
pure science can be made, the simpler and more beneficent will its 
applications become. 

What chemistry needs, then, is combined effort upon some gen- 
eral plan. There must be a body of trained workers under an 
efllcient head, who shall mark out some of the lines for investiga- 
tion to follow. Such a cooperation can hardl}'^ be brought about 
under existing circumstances and with present fafeilities, since as 
a matter of course every scientific man prefers to work indepen- 
dently, and to shape his researches for himself. Something may 
be done, perhaps, by those college professors who are fortunate 
enough to have a considerable number of advanced students to 
assist them ; but work carried forward under such conditions can 
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6C«*ircely amount to more than a clearing of the ground. Still, 
such pioneer labor is not to be despised. It marks out many 
useful pathways for us, and shows where the chief difficulties are 
to be cucountered. The one great method, however, by which the 
desired ends mtiy be attained, is to be found in the establishment 
of endowed laboratories devoted to pure research. With regard 
to laboratories of this kind much has been written, both for and 
against. From two distinct points of view has the subject been 
treated. One set of writers has opposed the idea of endowing 
research, upon what appear to me to be wholly fallacious grouuds. 
They have urged that the payment of salaries to scientific men, 
cither as a reward for past services, or as a means of encouraging 
future work, would probably result in the foundation of sinecures 
in which pretentious idlers might find an excuse for doing nothing. 
A man could easily pretend to make investigations, and in reality 
only Tritt er away his time in a sort of elegant leisure. No endow- 
ment would render brilliant discoveries certain, so that fruitless- 
ness might find ready apologies. This is a somewhat extreme 
statement of the case, though not a wholly unjust one. Such 
forebodings as these might be realized, although it does not to me 
seem probable that the men, who now labor so earnestly and assid- 
uously for the love of knowledge, would accomplish any less be- 
cause of greater encouragement. Still, an endowment which 
afforded large salaries for no regular, specific duties, might in 
some cases work mischief. The true man of science would hardly 
advise even a possible wasting of means. 

The idea of an endow^ed laboratory for research is of a very 
different kind. It proposes an institution in which salaries shall 
be paid for work of a definite, prescribed character. Men would 
not be employed in it to make showy discoveries, although these 
might be rendered incidentally possible. The laboratory would, 
in short, be a place wherein the fundamental data of chemistry 
and physics should be accurately established, without more than 
casual reference to particular industrial questions or to theories. 
In it a body of trained specialists would cooperate upon such 
researches as I have suggested ; they would fix some of the foun- 
dation stones of science ; they would combine their strength upon 
those tasks which are too large and too arduous for individuals to 
undertake. Just as an astronomer makes an exact map of a 
given zone in the heavens, observing the position of each star 
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over and over again ; so the workers in this laboratory would 
undertake repeatedly those delicate measurements which physical 
science so much needs. The physical properties of substances 
could be exactly determined ; methods of measurement could be 
tested and improved ; apparatus too expensive for individuals to 
own might be constructed and employed ; the quantitative relations 
of the several forces could be accurately ascertained, One great 
problem at a time might be taken up, and the energy of the whole 
body of workers concentrated upon it. Under ordinary existing 
circumstances a scientific man teaches several hours a day, and 
after that he labors at research. Here he would have a different 
routine from that of teaching, and probably as much leisure for 
himself and his own ideas as before. Indeed, to carry out the 
latter his opportunities would be vastly improved. 

Who can doubt that such a laboratory would benefit science? 
To have important data systematically determined, with every 
conceivable precaution and the best appliances, would certainly be 
worth while. Every industry involving applications of physics or 
chemistry would be aided. The special problems of the iron- 
master rnight not be touched, and yet evidence would be discovered 
which should enable him to solve them much more easily and cer- 
tainly than before. Precision would be gained everywhere; in 
facts, in methods, and in appliances ; theories would rest 'on 
more solid foundations ; the intellect would find new food for 
thought. The work done might seem at first sight to be of the 
hardest, dryest, and most practical character ; and j-et there would 
be within it more than utility. We cannot deepen our knowledge 
of the real, without at the same time broadening our insight into 
the ideal. The more we know, the vaster the unknown seems to 
us. The better we know, the more truly do we recognize the im- 
perfections of our knowledge. We climb each mountain only to 
see a bluer, higher, gi'ander summit far beyond. 

Can this conception of a laboratory for pure research be re- 
alized? I believe it can. Physics and chemistry have created 
millions upon millions of wealth ; they have helped to bring 
distant countries nearer together ; they have benefited every human 
being within the limits of civilization. In every country of the 
civilized world there are man}' rich men who owe their wealth to 
the applications of these sciences. In our own country especially, 
we find such men ready and often anxious to give. Ever}' day we 
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hear of large bequests for public purposes ; of gifts to colleges, 
libraries, observatories and museums ; to hospitals, asylums and 
churches ; to the poor and to the heathen. Surely some of the 
wealth which our science has rendered possible, ought to come 
back a little more directly for her benefit. There must be men 
who would give liberally to her purposes if they only knew of her 
needs. Can we not do something towards making our wants 
known? Are we not able to present a strong case in our own 
favor? Might we not by some combined effort at least make a' 
beginning, and secure a fund, which should serve as a fulcrum for 
our future exertions ? Let a nucleus once be established near some 
large university, or under the control of such an institution as the 
Smithsonian, and it cannot fail to grow. If the first organized 
laboratory, for such work as I propose, could be founded in this 
country, it would soon be recognized as a national glory and a 
benefactor of the whole human race. I throw out these suggestions 
merel}'' as suggestions, with the hope that some means may speed- 
ily be found Arhich shall lead us to the much desired end. 

In Europe the needs of science are often liberally provided for 
by GovernmjBnt. The scientific institutions of German}', for 
example, owe their existence and support chiefly to funds drawn 
from the public treasury. This policy I believe to be wise and 
proper; although it might not be judicious to urge it strongly 
here. With us, the proposal to establish a purely scientific insti- 
tution, upon moneys raised by general taxation, would undoubt- 
edly be seriously opposed. The public importance of the measure 
would be obscured by a clamor about economy, and upon the 
wickedness of expending the means of the many for the benefit of 
the scientific few. Much of this opposition would be foolish, 
although at the same time effective. Still, granting that it might 
be unwise to ask the National Government to establish a labora- 
tory for research, there is another kind of laboratory which it might 
build, equip and organize, with unquestionable propriety. 

All the time, the General Government finds it necessary to 
employ chemists. for special expert work. For the Bureau of En- 
graving and Printing, investigations are made with reference to 
the inks and paper used in the manufacture of notes and bonds. 
Questions are continually arising in connection with the custom 
houses, which can only be settled by the testimony of a reliable 
chemist. Frequently, the Examiners of Patents would be much 
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aided in their decisions if they had laboratory facilities at their 
command. The War and Navy departments are continually 
needing work done, it ma}^ be in the examination of supplies, in 
testing metals, or in experiments upon explosives. For the 
Light- House Board there are oils to be tested, and for the Geologi- 
cal Surveys there are rocks and minerals to be analyzed. As for 
the Agricultural Department, it already has a small laboratory, 
and there is another connected with the Arm}' Medical Museuna. 
These examples do not by any means complete the list ; they only 
serve to show how great an amount of scientific labor the National 
Government is obliged annually to employ. The work is now 
done in a scattered way, often with imperfect appliances, and much 
less thoroughly than is desirable. The question I now raise is 
this : Would it not be eminently proper for the Government to 
establish a first-class chemical and physical laboratory, in which 
all of its work in these departments should be done by an adequate 
body of scientific men, provided with the best materials and appa- 
ratus? Would not this be a measure of true public economy? 
Could not more and better work be done for a given sura of money 
than is done now ? To me it seems that the plan, is decidedly 
practical, and that Congress might by judicious pressure be in- 
duced to carry it out. Of course, the measure is open to the usual 
political objections. It might enable inefficient men to get respon- 
sible positions through political influence ; and there would be a 
possible danger that corruption should secure another foothold 
where it is already too firmly lodged. This objection I do not 
believe to be sound. At present, experts may be employed through 
political favor, while the country at large knows nothing of what 
is going on. In a national laboratory the appointments would be 
conspicuous, and mismanagement would at once be recognized. 
There is an argument from analogy which ma}*^ be even stronger 
than this. Whatever weakness our public offices in general may 
have exhibited, our scientific service has always been remarkably 
able and strong. If the proposed laboratory could be made as 
efficient as the Naval Observator}', the Coast Survey, or the Array 
Medical Museum ; if it could secure as thorough men as these 
have secured, the objections just urged would disappear. The 
nation must get the work done somehow, and would it not be best 
done in the manner I propose? 

Such a laboratory as this, organized at first for the merely prac- 
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tical work of the Government, might in course of time widen its 
scope a little. The National Observatory, established originally 
for the purposes of the Navy Department, has been able to do 
much for science beyond its purely routine labors. The expendi- 
ture of public money for eclipse and transit expeditions, in fur- 
nishing the means for work like that of Newcomb and Hall, has 
been for the interests of abstract science ; but I doubt whether 
any intelligent citizen has ever begrudged a dollar of it. The 
nation has been ennobled by such researches, even though no ma- * 
terial benefits should ever spring from them. So with a national 
laboratory. At first, its work would be only a technical routine ; 
but sooner'or later this would necessarily develop into something 
more. The Government investigations could not be carried on 
forever by imperfect methods ; and, accordingly, better methods 
would have to be devised. Whatever researches tended towards 
improving the work done for the nation would, of course, be 
properly carried out in a national laboratory. Thus an institu- 
tion, established for practical purposes at public expense, could at 
the same time benefit the public service, and advance the interests 
of science. The cost would be justified over and over again in a 
purely material way, so that the question of the usefulness of the 
laboratory could never be seriously raised. 

As we are gathered together for the Advancement of Science, I 
may be permitted to broach one more subject which I believe to 
be of some importance. Year after year the researches of Ameri- 
can chemists are steadily increasing in number, extent and value. 
Work like that of Gibbs, Cooke, Smith, Mallet, Remsen, Jackson, 
and a dozen others who might be named, is certainly work of 
which we may reasonably feel proud. But how is all this material 
published? A little of it in the American Journal of Science and 
Arts ; a part in certain foreign periodicals ; another portion in 
several local transactions, as for example, the Proceedings of the 
American Academy. In short, the work is widel}'^ scattered ; and 
some of it is effectually buried beyond the reach of a majority of 
our fellow chemists. We need, I believe, in this country, a good 
chemical journal which shall fairly represent the work that 
America is doing for chemistry. A journal, in which every chemi- 
cal research published in the United States should find a place, 
either in full or in abstract, would certainly stimulate investigation 
among us, and send all over the world a truer estimate of our 
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scientific standing. We might have for our organ a chemical 
periodical equal to any in the world ; and I sincerely hope that we 
may not have to wait long for its establishment. Where or by 
whom it should be edited and published, is a question I will not 
attempt to raise ; suffice it to say that it ought to be controlled by 
no local clique, and managed in no Pharisaical spirit. It should 
be broad enough not to fear novelty, and courageous enough to 
reject trash ; two qualifications more easily stated than found. I 
throw out these suggestions, hoping that they may take root some- 
where, and that without mucli delay. Even though we ourselves 
may lack the power to carry them out, our recognition of their 
importance may lead to action elsewhere. If we in our gatherings 
can point out good pathways, others with richer means may be 
induced to follow them. Our united counsels and combined efforts 
may achieve results where, working separately, we should fail. 
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A SHORT ACCOUNT OF THE NaTURE OP THE OxiDE OF THE NeW ELE- 
MENT MosANDRUM. By J. Lawrence Smith, Louisville, Ky. 

This element, which I have thought proper to call Moaandrum 
in honor of the important labors of tlie distinguished chemist 
Mosander, in connection with this class of earths, was discov- 
ered by me in the latter part of 1876, and at the meeting of 
Academy of Natural Sciences, Maj^ 8, 1877, I made a communi- 
cation on the subject, as will be found in the proceedings of that 
date. It was discovered in the Samarskite of North Carolina, 
which has been found in considerable quantity. In my analysis 
of this mineral, and the examination of the earths contained in it, 
I was surprised not to find cerium oxide among them ; or, if present, 
only as a mere trace. After the earths are separated and puri- 
fied, then converted into a nitrate, and evaporated to a syrupy 
consistency, a concentrated solution of sulphate of potash is added 
with a large excess of crystals of same salts ; this is stirred sev- 
eral times and allowed to stand for twelve or eighteen hours, when 
a large deposit of a double salt takes place, which is thrown on a 
filter and washed with a concentrated solution of sulphate of pot- 
ash. 

This double salt is now dissolved in water acidulated with 
chlor-hydric acid, and heated ; subsequently neutralized, and then 
precipitated by oxalic acid : this oxalate is washed and ignited, 
and the oxide resulting therefrom redissolved in nitric acid and 
reprecipitated to get rid of potash contained in the first oxalate* 
It is in the oxide {A) thus prepared, that the Mosandrum oxide 
will be found. Some of it is in the washings by the solution of the 
potash sulphate, and in the first mother water, for its double pot- 
ash sulphate is slightly soluble in a concentrated solution of potash 
sulphate, placing it in this respect intermediate between the ox- 
ides of cerium and yttrium ; which, as the results of my labors, in 
connection with those of Marignac and Delafontaine demonstrate, 
run so insensibly into each other, that it is hard to find the line of 
demarcation between the groups. 

(143; . 
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The oxide (A) has the following properties : A chrome yellow 
color of medium intensity ; slowly soluble in very dilute solution 
of nitric acid (1 to 100), but completel}' in from twenty to thirty 
minutes ; precipitated readily and completely by oxalic acid ; and 
this oxalate at a red heat is readily converted into oxide without 
blackening, as is the case to a slight extent with the oxalate of 
lanthanum ; a concentrated solution of sulphate of potash, with 
the addition of some crystals of the same salt poured on a con- 
centrated solution of the nitrate, will gradually furnish an abund- 
ant precipitate very slightly soluble in a concentrated solution of 
the potash salt. The sulphate is not very soluble and can be ob- 
tained in small crystals ; the nitrate is very soluble and furnishes 
large prismatic crystals from a very concentrated solution, the 
salts are permanent in dry air, but deliquesce if the air be moist ; 
the salts are of a slightly pinkish color, but this is due to tbe 
presence of a little didymium ; in the absence of this last metal, 
the salts are colorless — a solution of this salt (1 in 10 or 20 of 
water), and a centimeter thick, gives didymium absorption line in 
the bright part of the spectrum. 

If this oxide be dissolved and then precipitated by potash, we 
obtain a gelatinous mass, which, when treated with three or four 
times its weight of caustic potash, or soda dissolved in a little 
water and then subjected to a current of chlorine for two or three 
hours, is all dissolved but a small amount of the precipitate, 
rendering the solution slightly milky ; the whole thrown upon a 
filter leaves a white gelatinous precipitate representing less than 
one per cent, of the mineral, not having the appearance of cerium 
oxide, but more nearly resembling alumina ; it is readily soluble 
in the strong acids, and when converted into a sulphate is easily 
dissolved in cold water, which on heating deposits a cobweb-like 
flocculent precipitate with all the characteristics of sulphate of 
thoria. 

In fact, the above new method of separating thoria is all that 
can be desired, as I have subsequently proved by experimenting 
with pure thoria. 

The trace of cerium present will go with the thoria, but this can 
only be detected when operating on a large quantity of the min- 
eral. 

After separating the thoria with chlorine gas, the soluble oxides 
are acidulated, and precipitated twice by oxalic acid. It still con- 
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tains the didymium, and this by fractional precipitation with am- 
monia (in a manner which I shall describe in detail in a forthcoming 
paper on the analysis of the Columbates and Tantalates) enables 
me to condense the didymium in the last precipitate. 

I reduce the didymium present in the oxide to one or two per 
cent, without much difficulty ; to get rid of it completely is more 
tedious. 

The oxide (A) thus freed from thoria and didymium oxide is of 
a bright chrome yellow color and differs from the analogous oxides, 
the existence of which is recognized by chemists. 

1st. From .cerium oxide by complete solubility in dilute nitric 
acid, by its solubility in caustic potash supersaturated by chlorine 
gas, by the greater solubility of its double potash sulphate in a 
concentrated solution of potash, etc. 

2d. From lanthanium oxide by the color of the oxides ; by the 
manner of the combustion of the oxalate, never carbonizing in 
any part, which the lanthanium oxalate commonly does, and com- 
plete combustion of its oxalate furnishing no carbonate as the 
lanthanium oxide does ; the same relative difference in regard to 
the double potash sulphate, as in the case of the cerium oxide ; 
testing fractional precipitates of the oxalate only confirmed still 
further this difference, furnishing no evidence even of the presence 
of lanthanium oxide. 

3d. From didymium oxide by the color and other properties of 
the oxide and salts ; also similar ground of difference mentioned 
under the two previous heads ; but under this head nothing further 
is necessary to determine the difference than the peculiar absorp- 
tion bands of didymium in the bright part of the spectrum, the new 
earth not furnishing any bands. As the earth is first obtained, 
the didymium bands are always visible, but this impurity has been 
reduced to about one per cent., only the very faintest shadow of a 
band being seen in a solution of the oxide (1 to 20), one centi- 
meter thick. 

4th. From erbium oxide by its color (erbia being of a very 

; light rose color), and by the more ready solubility of the double 

potash sulphate solution, and by other chemical properties that are 

useless to mention, as both the luminous ra3'^s and absorption 

bands serve to distinguish erbia from this and all other earths. 

5th. From yttria by the color of the oxide (yttria being nearly 
perfectly white), and, by being less readily soluble in the strong 

A. A. A. S., VOL. XXVU. 10 
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acid. The most marked difference yet noted is with the double 
potash sulphate, that of yttria being comparatively readily soluble 
in the potash sulphate, while the oxide of Uosandrum is almost as 
inBoliible as the sulphate of cerium and potash. 

The only earth left with which to contrast it was the hypothetical 
terbia of Mosander, and so far as I could compare its properties 
with those that the supposed terbia was said to possess they were 
not the same ; and besides, the existence of this earth has been 
contested by M- M. Bahr and Bunsen, and by M. M. Cleve and 
Hoeglund. I therefore felt warranted in pronouncing it a new 
earth, and so stated it to the Philadelphia Academy of Sciences, 
in May, 1877, and in a sealed package to the French Academy of 
Sciences, Sept. 22, 1877. 

But I was not yet prepared to name the earth, and in the month 
of March, 1878 (Archives des Science Phys. et Nat., 15 Mars,1878), 
I read two communications on the subject of terbia, one by M. 
Delafontaiiie and one by M. Marignac. I sent some of the new 
earth and its nitrate to M. Marignac, desiring to obtaia a spec- 
imen of his terbia, upon which he had been working, this last he 
was not able to do, as he possessed as yet too small a quantity of 
the terbia. 

A little before the arrival of the earth to the hands of M. Mar- 
ignac, M. Soret, of Geneva, had been experimenting with the rays 
and absorption bands of various substances on the extra violet 
rays, in a manner pointed out in the publication of his researches,' 
and published the results obtained by experimenting with the 
earths from Gadolinite,^ especially upon the terbia of M. Marig- 
nac. In these he obtained a new set of lines that could only be 
attributed to a new earth and not to terbia, which last he considers 
as having no absorption bands in the luminous or ultra violet part 
of the spectrum. 

M. Marignac was kind enough to get M. Soret to submit the 
earths, which I had sent him, to the same spectroscopic examina- 
tion, the result of which was to find that the earth corresponded 
exactly with his, spectroscopically, giving the terbia without ab- 
sorption band, mixed with an earth with the absorption bands of 
No. 2 in printed dif^ram accompanying his investigations on the 

I, 1S78, p. S22. Comp. Bend, de 
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Gadolinite earth. This spectroscopic examination confirming 
what I supposed I had established more than a year ago, I 
on chemical ground have no longer delayed in giving to the new 
earth the name Mosandra, or oxide of Mosandrum, in honor of the 
distinguished chemist whose name is so intimately associated with 
the chemical researches on this class of earths. Much yet remains 
to be done to separate completely the Mosandra and terbia, but as 
I have an abundance of the earth it reduces itself to a matter of 
time and perseverance. 

It is an interesting fact to note in regard to what are called the 
cerium and yttrium groups of earths, that they pass insensibly into 
each other, in relation to their several properties. If we take the 
action of concentrated potash and soda sulphates, yttria and ceria 
are at the two ends of the groups, and terbia and Mosandra in the 
middle ; if we take their spectroscopic properties we find dldymia 
at one end of the groups, Mosandra in the middle, and terbia at the 
other end, giving absorption bands. In fact, it seems to need these 
two elements, terbium and Mosandrum, to complete the groups. 

Some matters of an historical interest in connection with this 
discovery can be found in the Paquet Cachete, opened at the French 
Academy of Science, July 22, and in a note following the same.^ 



The New Meteoric Mineral Daubr^elite proved to be Cr S' 
-f-fe s, and its frequent ip not universal occurrence 
IN Meteoric Irons. By J. Lawrence Smith, Louisville, Ky. 

When I first announced the discovery of this mineral the 
amount at my disposal was only sufficient to determine its specific 
characteristics ; since then I have made numerous sections of th^ 
first iron which weighed about 250 kilograms, and also sections 
of another iron of 200 kilograms, from same locality (Cohahuila) , 
and in this last have found the nodules even more abundant than 
in the first. Of the second iron I havie a section with two polished 
surfaces of about 900 square centimeters each, and showing on 

'Owing to Dr. Smith's absence in Europe, these two papers are printed without his 
reyision . — Editor. . 




148 METEORIC MINERAL DAUBr£eLITE ; 

the two surfaces twenty-five to thirty nodules varying from three 
to sixteen millimetres in diameter, at least ten of which are from 
one to one and one-half centimeters in diameter, and all of them 
exhibiting to the eye daubr^elite in angular segregations. 

The mineral first used for analysis was obtained by breaking it 
out from the nodules mixed with troilite and other impurities, de- 
pending on the eye to separate the impurities ; since I find that 
chlor-hydric or fluor-hydric acid will attack the troilite readily and 
does not act on the daubreelite, so a method has been adopted 
by which the mineral has been obtained more abundantly and 
quite pure. The shavings and cuttings procured in making the 
sections were used (several kilograms of which were at my com- 
mand) ; the fragments of iron were separated by a large magnet, 
and the small particles left behind consisted essentially of troilite 
and daubreelite ; for the former is only feebly magnetic, and the 
latter not at all magnetic. Strong chlor-hydric acid is now added 
to this last portion, and gently warmed over a water bath. The 
troilite is readily attacked. After a time the first acid is poured 
off and a fresh portion added with the digestion continued over a 
water bath for one or two hours. The residue contains a good 
deal of light black matter that is easily washed away (this last 
has not yet been thoroughly examined, although much of it is 
impalpable daubreelite). The larger black particles are again 
treated with a little chlor-hydric acid, after which the daubreelite 
is left quite pure, and is easily washed and any foreign particles 
picked out. ^ 

In this form it consists, as already described, of shining black 
fragments more or less scaly in structure, not altogether unlike 
fine particles of molybdenite. 

The fracture is uneven except in one direction, when there 
appears to be a cleavage. It is brittle and easily pulverized, the 
fine particles retaining their brilliancy. It is not magnetic ; before 
the blow-pipe it undergoes but little alteration, losing its lustre 
but not fusing ; and, after heating in the reducing flame, is slightly 
magnetic. 

With borax it fuses slowly, the smallest particles giving an in- 
tense green color to the bead when cold. It is not acted upon in 
the slightest degree by chlor-hydric acid, either cold or hot, but 
dissolves slowly and completely in nitric acid when heated over a 
water bath, without, however, any liberation of free sulphur. 
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Its specific gravity is 5*01. It is needless to give the details of 
tbe method of analysis. I will only take occasion to remark that 
when a mixture of hydrated oxides of chrome and iron are separ 
rated by the addition of bromine to an alkaline solution holding 
the oxides in suspension, that the operation must be repeated two 
or three times to ensure complete conversion of all the oxides of 
chrome into chromic acid, and consequently to separate it totally 
from the iron. 

The following is an average of three analyses giving concordant 
results within one-half per cent of each constituent : — 

Sulphur, .... 42-69 
Chrome, .... 35*91 
Iron, . . . . 20-10 



98-70 



A minute quantity of what appeared to be a carbonaceous mat- 
ter was mixed with the residual traces of oxides found in the 
mother water. It is very evident from the above proportions that 
this mineral is a sulphuret, corresponding in atomic constitution 
to the well known oxide chromite (FeO + CrO^), daubreelite 
being FeS -j-.CrS^, the percentage of which last compound is 





Calculated. 


Found. 




Sulphur, 


44-29 


43-26 




Chrome, 


36-33 


36-38 




Iron, 


19-38 


20-36 * 






100-00 


100-00 








Calculated. 


Found. 


Sesquisulphuret of Chrome, 


69-55 


68-00 


Sulphuret of Iron, 




30-45 


29-75 



The calculation of the daubreelite is based upon the sulphur 
found in the analyses (43-26). As yet we do not know of any 
terrestrial mineral corresponding to this, and it is an interesting 
fact that we are already enabled to establish so clearly its true 
composition, and also to obtain good characteristic specimens that 
will find their way into the principal cabinets of meteorites. 

The occurrence of this mineral in so marked a manner in the 
Butcher meteoric irons of Cohahuila, wljen it does not show itself 
in the troilite of other meteoric irons, induced me to investigate 
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the matter carefully, as I bow had chemical methods to aid me. 
As yet I have only examined the troll ite from three meteoric 
irons, viz. : those from Toluca, Sevier Co., Tenn., and Cranboume, 
Austrailia; and in all three specimens it was foand in marked 
qaantities using about 2*5 grammes of troilite except in the case 
of the Cranboume, where the quantity did not amount to one 
gramme, and the daubreelite was proportionally less than in the 
other two, the Toluca troilite furnishing the largest quantity. 

The residue from 2 '8 grammes of Toluca troilite after thorough 
treatment with chlor-hydric acid, which dissolves nearly the whole 
of it, was dissolved in part by nitric acid, and on analysis the 
solution was found to contain chrome and iron, representing about 
sixty milligrams of daubreelite. This mineral as obtained from 
these troilites was one of the pulverulent variety. 

There is reason to believe that farther researches will show the 
constant presence of daubreelite in meteorites, and I am now pros- 
ecuting a series of experiments on the mineral segregations in 
meteoric irons, both those visible and invisible to the naked eye, 
and only discernible by chemical means which will tend to a satis- 
factory solution of this hypothesis. 



Notes on Antimony Tannate. By Ellen Swallow Richards 
and Alice W. Palmer of Boston, Mass. 

In the course of some work on the determination of tannic 
acid, we tried Gerland's method of direct estimation by means of 
a standard solution of tartar emetic in presence of ammonium 
chloride. Gerland's formula (Fresenius* Zeitschrift, 1863, II, p. 
419), is given as: — 

Sb03(Ci8H80i2)3 — or in the new nomenclature 

Sb2^3(^i8^i6^i2)3 which requires 

Sb 15-60 p. c. C 41-43 p. c. H 3-07 p. c. 

The formula, that we have been led to adopt, is : — • 

Sb2(Cj4H809)3-|-6H20 which requires 
Sb 18-59 p. c. C 38-41 p. c. H 2-74 p. c. 
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in which tannic acid U considered as di-gallio acid (H. Schiff, Bul- 
letin de la Soci4t« Chimique [2], 16, p. 198) with possibly three 
phenol H's replaced by Sb, as well as the three acid H's. This 
formula is deduced from the following analyses of Antimony tan- 
nate. All the tannates described in this papier were prepared in 
the same manner. The solution, containing five to ten grammes 
of tannic acid in a litre, was heated to 60° Centigi-ade in a water- 
bath ; tartar emetic solution (containing about ten grammes of 
the salt to the litre) was added, and then thirty cubic centimetres 
of ammonium acetate per litre. After the whole was shaken and 
allowed to settle, it was filtered and dried at 100° to 105° C. in 
an ordinary air-bath. The bulky, yellowish-white, gelatinous pre- 
cipitate at first formed, became, when dry, yellowish to reddish- 
brown, transparent, amorphous, and broken into small, angular 
fragments. 

Antimony Tannates. 



From; 


C. 


H. 


Sb 


Tannin unfiltered (commercial), 


37-95 p. c. 


2-71 p. c. 




" filtered 


39-30 


2-86 




" purified (by extraction 


37-38 


2-91 




with aqueous 


37-53 


2-98 


20-6 


ether) 


37'51 


2-78 






r 38-32 


2-88 




Nut-galls, 


; 38-47 


2-81 


20-5 




, 88-14 


2-92 




Sumac, No. I. 


39-60 


2-70 





" Ni 

The ant 
probably i 

As to tl 
the state ir 
that the ei 
lute soluti 
the proccs 
dilution, a 
then mad« 
of sodium 
as a resu] 
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mixing in iigbt proportion glacial acetic acid (containing 95 p. c. 
CgH^Og) and ammonia water (containing 27 p. c. NHg), so that 
one litre of tiie solution contained nearl^'^ 600 grammes of NH* 
C^H^O^. One cubic centimetre of this preparation, added for 
every twenty-five or thirty cubic centimetres of the total bulk, 
will give a clear supernatant liquid after standing for a few min- 
utes. Without giving in detail the steps of the investigation, we 
give our process as we now use it. 

The weighed quantity of the substance in which the tannic acid 
is to be estimated is taken in sufficient quantity to allow of at least 
three aliquot parts, each portion of 50 to 100 c. c. containing from 
•100 to '300 grammes of tannic acid. After the solution, obtained 
by digestion with water, is made up to a known bulk, three or four 
portions are measured out, and set in a water-bath to be heated 
to 50° or 60° C. The standard solution of the tartar emetic con- 
tains 6-730 grammes per litre of the salt (KSbC*H*07) dried at 
100° C. One c. c. is considered to correspond to '010 of a gramme 
of tannic acid. Gerland's formula would require 5-222 grammes 
per litre for the same value. 

The estimation is facilitated by obtaining a maximum point and 
a minimum point at the first reading, as one portion is settling 
while the other is being treated ; therefore tartar emetic is added 
from a burette to one portion in excess of the probable quantity 
required, and to another in less amount. The antimony tannate 
is then precipitated by the requisite amount of ammonium acetate 
and allowed to settle. A drop of the clear liquid is added to a 
drop of sodium hyposulphite on a porcelain plate heated gently to 
about 90° C. If the tartar emetic has been added in excess, the 
deep orange color of the antimony sulphide will at once appear. 
When this point is reached by successive additions of the standard 
solution to the minimum portion, we add to a third portion the 
estimated quantity, and test the clear liquid as a check on the loss 
occasioned by taking out several drops. We have found it easier 
to carry the titration to a decided orange tint, and to subtract 
0-5 c. c. of tartar emetic solution for 100 c. c. of liquid, rather 
than to seize the first faint tinge, as most of the substances to be 
titrated contain coloring matters which give a yellowish or reddish 
tint, but not an orange color. 

The next point of interest was to ascertain whether the metfaod 
of titration, as given above, was applicable to tannin*holding sub- 
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stances other than nut-galls and samac. The following tests were 
made for this purpose :— 

Leaves of sweet fern (comptonia asplenifolia) from 

near Boston, gathered the middle of May, . 
The same, gathered on the Kennebec River, Maine, 

the last of July, 

Sample of ground hemlock-bark from Vermont, 

Sample of catechu. 

Sample of kino, 

Crushed quercitron bark, 

Congo tea. 

Cinchona flava. 

Ground cloves. 

Hemlock bark from Maine, 

Chestnut-oak bark from Careyville, Tennessee, 

We also prepared a quantity of antimony tannate from each of 
these substances in the same manner as we had prepared it from 
commercial tannin and sumac. The composition is given as fol- 
lows : — 



Tannin. 

7-56 p. c. 

8-00 

7-07 
29-70 
41-50 

7-00 

4-60 

9-60 

7-03 

5-50 

3-00 



Sweet fern. May, 

Sweet fern, July, 

Quercitron, 

Chestnut-oak, 

Cloves, 

Hemlock bark, No. I, 

Hemlock bark. No. II, 

Catechu, 

Kino, 

Cinchona flava, 

Congo tea, 



Sb. 
15-3 p. c. 
15.06 
12-8 
15-5 
12-5 
13-6 
13-5 
13-7 
15- 
11-20 
11-40 



c. 


H. 


4509 p. c. 


3-40 p. c. 


44-90 


3-90 


49-50 


3-42 


47-51 


3-63 


43-30 


3-09 


51-02 


3-85 


49-86 




51-13 


3-84 


50-71 


3-72 


53-56 


4-56 


47-30 


4-00 



These analyses showed that the composition of the precipitate 
was influenced by one of two causes ; either the formula of the 
so-called tannin which united with the antimony contained more 
C and H than di-gallic acid, that is, it must be something like 
SbOCgaHggOiy or Sb2(C5 5H2iOi2)3 ; or the antimony tannate 
which was formed in the solution acted as a mordant, and carried 
down with it coloring matters which might or might not affect the 
titration, but which did affect the combustion. 



Sb. C. 




H. 


15-7 p. C. 46-21 p. 


c. 


3-73 p. c 


9-54 45-90 




3-80 


63*30 




3-60 


L3-4 43-40 




3*90 


20- 38-21 




2-86 
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To determine how far this latter cause coald be held responsible^ 
we prepared antimony tannate from the sample of tannin which 
we ased for all our experiments, and, having washed by decanta- 
tion so as to keep the gelatinous precipitate in the best condition 
for absorbing color, we treated solutions of several of these sub- 
stances with a quantity of antimony tannate corresponding to the 
estimated quantity of tannin contained in the solution, so as to 
have the conditions the same as in the previous precipitations ; in 
one case, of the hemlock, we varied the proportions as noted. 
The average composition of antimony tannate, as we have already 
prepared it from tannin, sumac and nut-galls, is given at the end 
of the list for comparison. 

Antimony tannate + coloring matter of sweet fern, 

" " -f " •* " quercitron, 

" « -f " «« " hemlock, 

" " + " " " hemlock. 

(6 times as much antimony tannate having been taken), 13-4 
Antimony tannate, 

In the case of sweet fern and quercitron the results are very 
nearly those obtained by direct precipitation with the tartar emetic 
^solution in presence of ammonium acetate. 

We were greatly surprised by the behavior of the solution of 
hemlock bark. In all cases, after the treatment of the solution 
by the previously prepared antimony tannate, we precipitated the 
remaining tannin by tartar emetic as usual, and noted the quan- 
tity required as compared with that required for the precipitation 
of the tannin in the original solution. In the case of hemlock, 
there was scarcely a trace of a precipitate, showing that the anti- 
mony tannate had dragged down, or united with, all the substance 
which had been supposed to be tannin. 

In order further to test the characters of the supposed coloring 
matters in these substances, we made a series of trials with mor- 
danted yarn. From hemlock, we obtained, on wool mordanted 
with tin chloride, and on cotton mordanted with alumina, a brown- 
red color ; from sweet fern, in both cases, we obtained a brilliant 
yellow color, quite equal to that fron\ quercitron. We then tested 
solutions of all the substances upon which we had been working, 
with cloth mordanted in the usual way for calico-printing (t. e., with 
iron and alumina in alternate stripes), in order to show the pres- 
ence of tannin and other coloring matter at the same time. Sam- 
ples of the cloth thus dyed are shown on the accompanying card. 
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The yellow in sweet fern seems closely allied to, if not identical 
with, the quercetin derived from oak-bark. A solution of sweet 
fern guarancined (boiled with very dilute sulphuric acid) behaves 
like a solution of quercitron bark, a black, gummy mass being 
formed, and the solution depositing yellow flakes which dye inten- 
sivel3^ 

Two pieces of cloth of equal size, dyed with equal quantities of 
sweet fern leaves and quercitron bark (a gramme in each case 
being taken) showed rather more tannin and less yellow for the 
sweet fern, and more yellow and less tannin for the quercitron. 
A single trial for the amount of yellow in sw^et fern leaves, made 
by weighing the antimony tannate which had carried down the 
yellow with it, and which had been added in known quantity, gave 
2*5 per cent and the amount of tannin in the filtrate had decreased 
about three of the eight per cent previously found. This indicates 
that the antimony combines with a portion of the coloring matter 
as well as with the tannin. This is further indicated by the fact 
that the quercetin-like color, obtained by guarancining, was pre- 
cipitated by antimony, as also quercetin itself, prepared from bark. 
If this is so, the formula of a part of the color must be very near 
to that of digallic acid. Quercetin acid is given in Heppe's "Die 
Chemischen Reactionen" as CigHj^Oy, and quercetin as CgyH^g 
O J 2 • These would give nearly the saipe per cents as those of di- 
gallic acid in our formula. 

Sb. C. H. 

Sb2(C27Hi60i2)3+6H20 12-52 p. c. 50*0 p. c. 3-08 p. c. 

Quercetin. 

Sb2(Ci5H807)3+6H20 19-49 43-13 2-87 

Quercetin acid. 

Sb2(Ci4H809)3 4-6H20 18-59 38-41 2-74 

On referring to the samples on the card, it will be seen that in 
all cases where a good black is obtained, a yellow coloring matter 
more or less intense, is found, which seems allied to, or identical 
with, the color of quercitron. Fustic seems to offer the only ex- 
ception to this statement. This yellow is precipitated by tartar 
emetic, and thus the titration of these substances would give re- 
sults too high. In the other substances tested, the reddish-brown 
or reddish-yellow color itself is precipitated by tartar emetic, and 
a large portion of that substance which gives the dark band% is 
found in the filtrate. As gallic acid is not precipitated by tartar 
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emetic, it is possible that these substances contain gallic instead 
of di-gallic acid. 

Gerland states that neither gallic acid nor the coloring matters 
affect his process, but our experiments do not confirm the latter 
statement. 

Woman's Laboratory, Mass. Inst. Tech., Aug., 1878. 



Electricity an Agent in Vegetable Growth. By A. P. S. 
Stuart, of Lincoln, Nebraska. 

Grandeau, the Director of one of the agricultural experi- 
mental stations of France, has recently made some verj'^ interest- 
ing experiments relative to the influence of atmospheric electricity 
on vegetable growth. From these experiments, it appears, that 
when plants, as for instance, tobacco, maize, or wheat, otherwise 
equally conditioned, are exposed to the influence of electricity, 
they grow far more luxuriantly, and assimilate a far greater propor- 
tion of nitrogen in some one or more of its numerous compounds, 
than when withdrawn from such influence. This latter fact, the 
assimilation of an unusual quantity of nitrogen under electric in- 
fluence, is very interesting, as indicating in plant growth the pos- 
sible and perhaps probable absorption of nitrogen directly from 
the atmosphere, a doctrine which has been stoutly advocated by 
some, and as vigorously denied by others, although, so far as is 
known to the writer, such absorption of nitrogen by plants directly 
from the atmosphere has not until recently been ascribed to the 
agency of electricity. 

These experiments of Grandeau are in perfect harmony with, 
and indeed seem to be instructive illustrations of, the experiments 
of Berthelot, made only a year or two previously, by which he es- 
tablished the fact that organic matter, like dextrose, and even 
moistened paper, absorbs nitrogen directly from the atmosphere 
under the influence of electric tension, and forms under such cir- 
cuiaastances a nitrogenous compound, which, when heated with 
soda-lime, evolves ammonia. To the careful observer, who may 
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have noticed a sudden and wonderful increase of vegetation simul- 
taneously with unusual electric manifestations, as during thunder- 
storms in spring-time, the thought may have occurred that elec- 
tricity is in some way connected with vegetable growth. These 
experiments of Grandeau and Berthelot teach us that such a fact 
is not only possible, but certain ; and we have called attention to 
them now, not only because they are exceedingly important, but 
because they remind us of a similar experiment made by the writer 
several years since. Suspecting that electricity was in some way 
concerned in plant growth, some beans, of a§ nearly equal size as 
could be obtained, were planted in pots and kept under as nearly 
equal conditions of soil, moisture, temperature, etc., as could well 
be, with this difference, that around the beans in one pot a coil of 
copper wire was arranged, and a feeble voltaic current made to 
pass continuously during germination and growth. The result 
was that the beans surrounded by the coil of wire grew much 
more luxuriantly than those in the other pot. At the time it was 
thought that possibly slight differences of condition, not under- 
stood, might be the cause of the difference of growth, and that 
further experiments would be necessary in order to pronounce with 
certainty that electricity was the chief or sole .cause of the differ- 
ence. 

The experiments of Grandeau and Berthelot, as well as that just 
described, all unlike each other in conception and detail, point in 
their results, with almost unerring certainty, to the conclusion that 
electricity is a potent agent in vegetable growth. It may not be 
possible to say just how it acts. It is difficult to say just how 
electricity, in seeking an equilibrium in the form of a spark, in- 
duces oxygen and hydrogen in the jar, or oxygen and nitrogen in 
the atmosphere, to combine, — yet they are none the less facts be- 
cause of our ignorance of the modus operandi ; and it seems that 
the same agent is constantly exerting in the atmosphere a quiet, 
insensible, but none the less effective influence of the same kind, 
but varying in degree according to the electric condition of the 
atmosphere. In this light it is easy to see how exceedingly im- 
portant this agent becomes in inducing those manifold chemical 
combinations, which, together, constitute what we call vegetable 
growth. 
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Membebs of the Association : — 

Ladies and Gentlemen : — 

The two Vice Presidential addresses of my predecessors are 
remembered for the honor they reflected upon American science. 
That of Professor Morse, at the Buffalo meeting, two years ago, 
had for its subject, " What American Scientists have done for 
Evolution." This address has a permanent historical value, which 
is only lessened through the modest}'^ of its author, who forgot his 
own in enumerating the labors of others. That of Professor 
Marsh, at the Nashville meeting of last year, dealt with the " In- 
troduction and Succession of Vertebrate Life in America," and its 
sketch of the progress of the higher forms of life, however the 
details may be filled out by subsequent researches, established the 
certainty of that development by succession as the result of the 
author's own enduring work. In this address I have endeavored 
to trace the action of evolution in a further stage, and, in speak- 
ing on " Education and the Succession of Experiences," to lay 
before you a brief study of the growth of the mind. 

A study of the phenomena of the human intellect teaches us 
that there is a process going on by which external matters are 
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being pictured in the brain through the action of the senses. The 
imagination itself is found to depend upon an ideal grouping of 
experiences, however fantastic and unconnected they may be made 
to appear. As time elapses and mankind advances^ the brain 
pictures seem to become more perfect and to embrace more fully 
the characters of their originals, and their development in this 
direction is proved by our varying notions of things, and our 
changing conduct toward them. Education may, then, be pri- 
marily conceived as the process of storing sense impressions in 
the brain, and the total condition and amount of the brain-pic- 
tures we might style knowledge. An education seems to resolve 
itself at last into a succession of experiences, however complex 
it may appear in its results, so that, in any discussion, it will 
make the matter much clearer if we study the machinery which 
makes education itself at all possible. It is evident that we only 
appreciate sight, or any one other of our senses, because it exists ; 
and, in the evolution of sense organs, the feeling of the want of 
them in the individual evidently succeeds their possession by the 
species. Through the senses a section of the universe is opened 
to us, a section which is limited by their powers in bringing, and 
the capacity of the brain for storing what is brought. But with 
the utmost exercise of our receptive powers our view of the world 
remains a section still. When we find, for instance, that vibra- 
tions of the air below thirty-two and above 100,000 per second 
noiake no impression on the human ear, we understand that we are 
cut off from a wide range of possible sound. So that every me- 
chanical appliance by which we can enlarge the field of experience 
tends to increase our knowledge, and, therefore, to affect our con- 
ceptions of the world about us. 

The ^^ atoms " of the intellect are thus seen to be the single 
sense impressions, and the conclusion is inevitable that reason is 
generalized experience. It is possible to check the correctness of 
this conclusion through a study of the intelligence of the lower 
animals, and the efi^ciency of their senses. And so far we have 
found that the generalizations of knowledge which they are able 
to make, and which we have called in the past instinct, to distin- 
guish them from our own reason, stand in direct relation to their 
capacity of receiving sense-impressions. It may be said that 
what the lower animals do know, they come to know by similar 
means, and in the same way that we acquire knowledge* It is 
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now the generally accepted conclusion by scientific minds that in- 
stinct and reason differ in degree, and not in kind. Oar literature 
is already full of proof, drawn from the habits of vertebrate and 
invertebrate animals, that this position is a just one, and explains 
fhlly the relationship between the intelligences of the different 
animals themselves, as well as between the intelligence of the 
races of men and that of lower types of existence. Reason isi 
then, built up out of past experience, which we use when brought 
into fresh contact with things. We become more reasonable as 
we experience more, and the object of education is to impart that 
reasonableness more quickly, so that the growing generation may 
not be obliged to find out how things are solely from the process 
of its own experience, but may profit by the knowledge which was 
gathered by those who passed away before. Reason, then, de- 
pending on the sense impressions, must be affected by the char- 
acter of the sense organs. If these were more perfect the acquire- 
ment of knowledge would be easier. In fact, they are found to be 
limited and unreliable beyond what we might at first be inclined 
to grant. But however justly we may distrust our senses on any 
particular occasion, we cannot consider them, or any one of them, 
as totally unreliable. All that we can do is to point out their 
insufiSciencies, to check the evidence of one sense by that of an- 
other, to try by repeated experiment to establish the actual condi- 
tion of affairs. 

The pictures which our senses give us are not to be regarded 
as false, although they may convey a misleading idea of the object 
perceived. Every action of the senses gives us a comparatively 
true perception of external objects. A correct judgment is formed 
after a full examination through all the senses that can be brought 
to bear on the subject and in this way the actual state of affairs 
may be discovered. The method of examination we may employ 
is determined not only by past experience, but by that analogy 
which prompts fresh experiments. At the bottom this is what 
makes education attractive, that the mind grows in the direction to 
receive more and more complete pictures of things. And this is 
an answer to those who object to scientific hypotheses, that all 
such, based on observation or sense-impressions, are to some extent 
reliable and serviceable. It is not true, either in part or wholly, 
that we 'Hake leave of our senses" to construct our scientific hy- 
pothesis, but the reasonableness of our hypothesis stands in 
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relation to the extent of onr acquaintance with its sabject and 
related matters. But aside from the imperfection of our senses, 
which may make a correct judgment impossible, or at least difficult, 
we imd ourselves sometimes under exciting conditions of the brain, 
when we mistake the subject of our thought for the object of our 
sense-impressions. ^^ False-seeing " and ' ' false-hearing " have come 
to be classed among the diseases of the brain, and the evidence col- 
lected on this head points to the conclusion that it is the memory 
which is here affected. The explanation of memory is, that it is 
the result of an effort of the mind by which we re-collect the 
pictures and impressions already stored in the brain. The mind, 
*^ that veiled enchantress," as Draper calls her, is ^' veiled *' because 
her feeders are so subtile that we believe she exists without sub- 
sistence. But in all her phases she is seen to depend literally 
upon the senses for her vigor. The dream-doors of night's dwelling, 
opening at the touch of sleep, let forth a troop of images seem- 
ingly of fresh import, and perhaps of direst consequence. But 
reason, by simply bringing the figures into their proper sequence, 
reveals in them the pictures of the day's experience. 

Before discussing the imperfections of the senses, which so 
deeply affect our conceptions, let us briefly consider the way in 
which one of them, that of sight, receives its impressions and 
conveys them to the brain. 

When we look at any object, our eyes are affected by undulations 
of the ether. The impact of these waves upon the extremities of 
the nerves of sight in the retina is real, and the common say- 
ing that we have been struck by some appearance is a true one. 
The reason that we do not apprehend the strictly material charac- 
ter of these manifestations lies in the delicacy of the organ of vision 
itself, and the slight movement of the ether. When, however, in 
the same manner, air is violently set in motion, as in wind, it 
strikes against our whole body and we recognize it by the less 
delicate sense of touch. In the eye, the rapid light waves strike 
upon the retina or sensitive portion of that organ, and the action 
which is set up there is communicated to the fibres of the nerVM 
of sight, and conveyed by them to the brain. When this aiGliiOjB 
reaches the brain, we see, but the simple working of the m< 
ism of the eye, without reaching the brain, would leave us 

Young, in his theory of the perception of color, ha** 
there are three orders of pointlets or nerve ends of 



meohflb 



TICE PBCSIDENT GBOTE. 165 

that each order of nerve ends is sensitive to a difTerent rapidity of 
the light waves. Helmlioltz demonstrates tliat certain of the nerve 
ends in the retina are destructively affected, in both the live and 
the dead subject, by particular raya of light. We may conclude 
that the shape of any object, as it appears to us, depends upon 
the number of pointlets of the retina affected by it, and the color 
on the order of nerve ends stimulated by it so far as our sight of 
the object is concerned. The cause of the color of any particular 
object itself must be sought in the structure of its atoms, which 
absorb certain of the rays of light and reflect others. Thus, all 
objects may be considered, in a general way, prismatic; that is, 
they effect a separation of the raya of white light in displaying 
the phenomena of color, but they do this by absorbing certain of 
the rays. This is the point where the chemist and the biologist 
meet, — every phenomenon displayed by an object is fonnd to depend 
upon the ultimate structure and arrangement of its component 
atoms. We maj' thus conceive of the action of the sense of sight 
without calling to our aid anything but the thing seen, the medium 
through which the thing attacks the eye, and the machinery which 
conveys the picture of the retina to the brain where it is regis- 
tered. We may in this way investigate the action of the remaining 
eenaes, and with a similar result. Always there is the thing per- 
ceived, the media, the contact, the machinery of the sensory 
nerves, and the gray matter of the brain. Defining education, 
then, as the process of receiving a series of sense impressions and 
experiences, let us consider in what way our knowledge is affected 
by the limitation and imperfection of the senses. 

We have said that, from the limitation and imperfection of our 
senses, but a section of the universe is opened to ua ; in reality, 
we have but a partial idea of even this section. It will occur to 
every one that there are a large number of objects of which they 
fail to take cognizance, although they could do so if they had the 
opportunity. Such objects as distant portions of the earth's sur- 
face, foreign animals and plants, many of ns have to content our^ 
selves wiiliout seeing. We know them through the sensesof other 
about them. Nevertheless, our total 
affected by onr personal ignorance of 
make up the world. But, aside from 
: are also to be considered the large 
over from inattention and a want of 
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preparation of the senses to entertain them. How large a class 
this is we can easily understand, when we know that the difference 
between scientists and other people.is involved in the matter. For 
It scientist is merely one who diligently observes things that for 
the most part are neither seen, nor heard, nor felt by others. Life 
is also too short to witness the outcome of many things, and the 
years in which we are willing to pursue inquiry too few. It has 
happened that generations have elapsed before a new age has 
carried on seriously the investigations commenced at an earlier 
epoch. The eternal appearing and disappearing of things, of 
which we are a part, it requires all our courage and genius to face 
and understand. 

And then, as to the limitations of the senses, we know from 
the microscope that there are quantities of forms too small 
for us to know without artificial help, and even correctly with 
it. We do not recognize objects at a certain distance, and our 
power of vision is probably surpassed in this respect by hawks 
and eagles. In similar ways, all our senses have their limitations, 
which it is the object of art and science to attack in the interest 
of human advancement. Aside from their limitation as to power, 
our senses are apt to deceive us by taking only a particular side 
of the object, one view, as it were, from which alone we must 
receive a permanently incomplete, and therefore incorrect, idea. 
Again the same sense obtains different results under different 
conditions, as when Pythagoras observed that a stick placed in 
the water appeared to be broken. We contrast the picture of the 
stick in the water with its picture in the air, and although both 
pictures are seen to be correct,' we test the truth by the sense of 
touch, and arrive at the conclusion that the stick only appears to be 
broken in the water. This illustrates what I have said before as 
to our testing the results of any observation by different senses. 
In this case this testing gave us the theory of the refraction of 
light and thus enlarged our conceptions of the properties of matter. 
In an address before the Russian Entomological Society, to which 
I have only space to alldde, Yon Baer most interestingly shows 
how our total conception of time itself is modified by the rate 
of the circulation^ of the blood. It is only another instance of the 
dependence of our conceptions upon our constitution. So far as 
we are concerned, we have reached, not the ideal, but the final 
truth, whenever we have exhausted our powers of perception in 
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any given direction and by a systematized checking of results^ 
arrived at a conclusion. The duty of accepting this conclusion 
and acting upon it, seems to me imperative and is what science 
demands. Anything short of this is a practical denial of the value 
of all knowledge, which would lead to the disintegration of society. 
I hope to show, further on, that science assists the development of 
the whole State, and adds to the stability of government by 
publishing 'its conclusions, and wish to insist here that it is 
fundamentally beneficial to the same interests in making its 
observations. But from this imperfection and limitation of our 
senses comes, not only a succession of experiences which are 
incomplete, but a general concept with regard to external matters, 
which must be of necessity misleading. We are here but a short 
time, and see little of the outcome of passing events, and can 
know nothing of the outcome of the world itself. Thus it has 
come to pass that what we have not fully observed, we have 
assigned to an unknown cause. We have fitted nature into our 
own measure, directly led thereto by the imperfection of our 
knowledge, and we have arrived at the concept that design 
exists in the world about us as it seems to us to be displayed 
in our own handiwork and in the work of animals. But in 
reality what we see in the details of the structure of ani- 
mals and plants at least is not design, but adaptation. Sup- 
pose we leave a coat in a closet, and while it is there it is 
visited by a female clothes-moth, which deposits thereon numerous 
eggs. The little worms hatched from the eggs would at once 
commence to make free with the nap, and eat holes in the coat 
with a good appetite. If they ever thought about the matter, 
would they not conclude that the coat was hung there for their 
special benefit ? They would do so merely because the coat was 
there. The fact that they adapted it to their own use would be 
construed by them into a belief that it was designed for their 
benefit. They would inevitably regard the owner of the coat, 
could they arrive at this conception, as their benefactor and the 
preserver of the whole race of maggots. They would know noth- 
ing of the thousands of clothes-worms that perish because they 
never get anything to eat. The fact that life is sacrificed by the 
wholesale in nature tells against the argument of design. And 
nature is as careless of the species as of the individual. In the 



cmst of the earth are coDtained the remains of thousands of types 
of form of ivhjch nature has not been careful, but has crushed 
them out, because they could not adapt themselves to the changing 
conditions which surrounded them. And just as the human body 
displays an incomplete adaptation as seen in our possession of 
useless parts, such as the vermiform appendage, nhich is present 
also in the anthropoid apes, so our sense organs are seen to be 
affected. The hyaloid artery of the eye, present in' the earlier 
and already absorbed in the later inter-uterine stages, is sometimes 
persistent after birth. Liebreich records, in the Transactions of the 
Pathological Society, an instance of the persistence of this artery 
in a boy of sixteen. In New York Dr. Callam found three cases 
of persistent hyaloid artery in examining the negro school chil- 
dren, and it is a question if this disability is not more frequent in 
the inferior races, as, indeed, ve should expect it to be. There 
can be no design in an imperfect sense organ, but imperfect sense 
organs nevertheless exist. And, indeed, any study of the eye is 
incomplete without studying the eyes of lower animals. In 
studying the development of flounders, Prof. Alexander Agassiz 
found that at a certain stage of growth the right eye sunk into the 
tissues of the head, penetrating into the space between the base of 
the dorsal fin and the frontal bone. Prof Agassiz has been able 
to follow in one and the same specimen the transition of the eye 
from one side of the head to the other. With this change in the 
position of the eye is associated a change in the position of the , 
body when swimming, for before this the flounder swims vertically, 
but at this time it commences to lie on one side. We may con- 
clude with Wilson, that since this distorted condition is shared in 
a lesser degree by a variety of other fishes, and thus a succession 
of steps is furnished, that it points to an adaptation by inheritance, 
although it is possible that there is a nearer solution to be drawn 
after we know the habits of the flat fishes more fully. But through- 
out the scale of animal life, the senses are seen to adapt themselves 
everywhere to their surroundings. The eye, which in man ia 
moveable in its socket, and has a pupil which may be dilated to 

accommodate itself to thp (liffpipnf. rnvn of licrht. c^nncK tt\ nrf'NPnt 

these and other adapt 
animal life. We com 
animals, such as the 



VICE PRESIDENT GROTS. 169 

Challenger expedition in the ocean depths, which wants even the 
eye-stalk and pedicel, and seems to have no occasion for sight 
where the light will no longer penetrate. 

To the conception of design is linked the idea of creation out of 
nothing. Both arise from the limitation and imperfection of our 
sense organs, and my thesis is, that a belief in creation and design 
as opposed to evolution and adaptation is the result of being satis- 
fied with the surface impressions we receive, and not checking and 
testing the results we obtain from one source of knowledge alone. 
There are certain Indians in the West, of whom Major Powell 
tells us, who believe that grass grows, bnt that trees are created. 
And among them are likewise certain philosophers who think that 
both grass and trees grow, and who have a hard time of it in 
consequence, and with whom some of us in more civilized society 
may sympathize, though at a distance. It must not be taken for 
granted that even the slight extension of the conception to 
include trees makes intelligent men out of these Indian philoso- 
phers ; it shows that there are many grades of intelligence in this 
direction. The sources of intelligence are so various that we can- 
not come to understand the result, as displayed by the individual, 
without knowing more facts than we can get at. If we know the 
environment we can know the individual, and this fact is virtually 
admitted by all students of character. But to know the environ- 
ment, how difficult I one is tempted to say, how impossible ! But, 
perhaps, we can follow out our argument and at the same time 
attempt some classification of our knowledge, which will assist us 
in the study of the effect of the environment on the mind. 

We have seen that we may conceive our knowledge as the total 
result of our sense impressions, and education as the process of 
acquiring these impressions. When we examine the sources of 
our knowledge, it will be found, I think, that we have attained it 
in two kinds of ways, and that for convenience and a better under- 
standing of education itself, we may take these two ways as a 
rough classification of our knowledge itself. The one is by direct 
experimental contact with things, and this is the most positive 
and certain, so that we may call the knowledge we acquire in this 
way real. The other is through books and the teaching of persons 
other than ourselves, and we may call this kind of knowledge 
second-hand. In the process of education, we draw upon both 
these sources of information, and both go toward determining our 
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total mental status. They are, in fact, so interlaced that we have 
difficulty in separating them. What we have read about often 
seems only to be separated from what we have experienced by its 
lesser vividness, and the art of teaching evidently lies in the 
power of presenting second-hand knowledge so that it has the 
force, or nearly so, of an absolute sense presentation. Undoubt- 
edly there is a certain ease and facility in acquiring second-hand 
knowledge which renders the process attractive to the mind ; the 
mind, which, as we have said, grows in the direction of receiving 
information. But this second-hand knowledge carries with it the 
greater possibility of error. We have only to recollect that our 
second-hand knowledge is imparted to us through the machinery 
of words, and words, we all feel, but approximately express our 
ideas. This fact supplies the reason for the success of object 
teaching in education. Undoubtedly the second-hand information 
of to-day is not the best information now possible, but, as a whole, 
it compares favorably with the second-hand information of twenty 
years ago. From the fact that the vast majority of us acquire our 
conceptions of external things largely during our school and col- 
lege days, there is an evident reason for the popular unfriendly 
attitude towards new ideas drawn from experiments unknown to 
the past generation of school children. Between this second-hand 
information and real knowledge there is seen to be a coz^tant in- 
teraction ; the first is always itnproved by the results of the latter, 
and so mankind is instructed as time elapses. The proceedings 
of our scientific bodies contain a mass of information which is 
brought later on into our school-books in difierent shapes. The 
efi'ect on the minds of the rising generation is cumulative, and 
most children start with ideas and a presentation of facts with 
which their parents perhaps finished their education, and few of 
us, we know, actively pursue our studies during mature life. But 
here we must be struck with the fact which a study of the inheri- 
tance of certain faculties of the mind presents. Much, we know, 
almost everything, is transmitted from the parent to the child, and 
along with the copy of the structure, the resemblance is carried 
out into minor details of form and feature. And in the same 
way the structure of the brain, which we yet fail to underst 
well, is affected. The faculty for receiving a certain 
brain pictures rather than another, the bent of the mind 
tain direction, follow with the color of the hair and ey< 
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shape of the Bkull, But this faculty may exist, and at the same 
time an abseoce of the braio-picture, which would satisfy and fill 
it, may cause its obliteration iu the child from disuse. We must 
then clearly distinguish the factor of heredity as affecting the sen- 
sory nerves and the brain, when we consiiler the total mental con- 
dition of the individual. Tlie action of the senses, and the exer- 
cise of the brain beyond a certain extent, which varies with the 
individual, are painful and therefore distastefiil. Up to what 
point they may be carried in any given case is difficult to deter- 
mine. Sufficient it is for us to appreciate that, for the mass of 
mankind, a small total amount of sense and brain work sufficesj 
and that we are generally willing to avail ourselves of the less 
tediously acquired knowledge which we receive through books. 
And even these it is almost usual to read carelessly and to avoid 
comparing, taking the remarks of author after author listlessly 
into our minds, until our reason is cloggnl with contradictory im- 
pressions and our total mental attitude becomes feeble and vacil- 
latory. And here this fact presents itself, that in proportion as 
we apply to the sources of our real knowledge, and generalize 
fVom the results of our sense impressions, we are able to criticize 
our second-band information and work toward a truer apprehension 
of ourselves and the world we live in. Those who rely chiefly 
upon second-hand knowledge in efltect refuse the present opportu- 
nity, which is alone their own, and must necessarily accept a lower 
philosophy of their lives. And by philosophy we mean, after all, 
an explanation of ourselves and the world in which we are. The 
range of meaning in words is so great that ordinarily we conceal 
under this term one knows not how much that is mysterious and 
that may be even held unnecessary. But by philosophy we evi- 
dently mean that correlation between the brain-pictures by which 
that which is contradictory is explained or brought into its true 
succession. We all know how comparatively easy it is for os to 
entertain contradictory beliefs, and how we do not even notice thia 
contradiction until we come to compare our ideas, which we do 
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facts, we go about with it, and wear it in some fashion, still pre- 
ferring the old cover to the exertion of getting a sounder one from 
new sense impressions and a sounder correlation of ideas. But 
our philosophy or mental position towards the rest of the world 
is of vital importance, since from it we derive much of our happi- 
ness. A life is often wearily spent in struggling to face even very 
ordinary mental difficulties, in the endeavor to reconcile our ex- 
periences with our derived ideas. What is needed, then, is some 
more accurate comprehension of what we are and to what things 
are tending, and to get at this we must la}'' under contribution all 
the possible sources of knowledge. From a conscientious appli- 
cation to the evidence of our senses, we may come to some 
certainty of what tilings are and have been, and from a careful 
study of literature we may find out the direction of development 
in human affairs. The result of both these lines of investigation 
to the student is a culture as high as the amount of labor he has 
expended, and a happiness as complete as his mental development 
is equal-sided. In any event, this culture will be found to confer 
upon its possessor immunity from many of the sorrows of this 
life. 

But obviously this total happiness depends on the correctness 
of the philosophy upon which it rests. A picture on the brain, 
received how it may be, if partial only, is nevertheless lasting, and 
has its effect in deciding the mental tone. And from these incom- 
plete pictures we arrive at false or incomplete conceptions. In 
this way the persistence of ideas may be explained by the per- 
sistence of the physical impress on the brain ; and the mental labor 
and pain consequent requisite to alter or erase such a. partial and 
misleading picture is always great. Great in any event, it becomes 
too heavy a task for many of us, when the pictures have most of 
them taken this turn. We are then committed to a wrong view 
of life, and must suffer the consequences. We must share in this 
event the average happiness which the defective philosophy, to 
which the pictures lead us, ensures. And the way in which 
pleasure and pain generally arise is the same as the way in which 
they come to the sense organs and the nerves. Pain arises in the 
body when any sensitive portion is torn or interfered with, and 
again where the wearing of the tissues is greater than the supply 
from the blood of the waste, as in being tired, or hungry, or 
thirsty. Pleasure arises from as vigorous an action of the organs 
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of the body as can be maintained without expending more force 
than is supplied to the tissues and nerves from the blood. 
Exactly in the same way, by wear and tear, we find our senses 
affected ; so that the conclusion is inevitable that the injury we 
inflict to the total organism, from undue exercise of the senses, 
is as pernicious to its proper development as excessive muscular 
work would be. The intellect, as distinguished from the emotions, 
is that part of the mind which discriminates and appreciates 
differences, but Ihis fails us, too, after severe studies. A hard 
example in arithmetic, for instance, and a difficult feat in gym- 
nastics, present similar demands on the system ; and at a certain 
p/je, indeed, the amount of vital repair necessitated by the first 
may be greater than that demanded by the second. 

To trace the growth of the human intellect, from before the earli- 
est historic period until the present time, is a work of immense labor, 
and is one that is engaging the attention of the greatest minds. 
I can only attempt in a simple way to give here the more evident 
marks of its progress, and which I have oh another occasion 
brought briefly before this Association. 

But before doing so, we may refer to our present knowledge 
with regard to fossil man. In a late address. Dr. Yirchow has 
seen fit to dispute the value of this evidence as bearing upon 
man's evolution from a lower type of animal life. In effect, 
the evidence being fragmentary, is also to some extent contra- 
dictory. But leaving out of sight the proofs from American 
sources, brought together by Prof. Morse in his address before 
this Association, Mr. Henry Oilman's researches in Michigan, and 
the subsequent discoveries of Dr. Abbott in the gravels of New 
Jersey, I wish to point out that the capacity of the skull is no 
absolute criterion of the intelligence between certain limits of 
measurement. As a fact, the heaviest brains yet known did not 
belong to persons of the greatest mental power. Whatever, then, 
the capacity of the prehistoric skulls of Europe, the implements 
which their owners fashioned, the relics which we possess of their 
social life, are proofs of the low intelligence of these ancient men. 
Whatever their brains might have weighed, the direct evidence is 
that these people were far below the races that have succeeded 
them in knowledge. The opportunities of the cave-dwellers were 
not golden, but flinty ; their experiences few, their lives poor. 
Unless we are willing to cancel all we have yet gathered from 
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antiquarian soorceB, we must admit that the evidence, as it stands, 
makes directly for the argument of mental evolution. And look- 
ing at this change in the minds of men through the historic periods, 
and which is going on to-day, we may trace it to material causes, 
because we must consider that education and intelligence have a 
material basis, as I have tried to show in this address. And we 
cannot separate, in any essential way, the development of the mind 
oind that of the body, the one being conditioned by the other. 
That development seizes on certain organs or parts of the body 
especially, we know from the studies of Profs. Marsh and Cope 
among our own palaeontologists, and it is quite clear that in man 
the development of the body has for some time been less active 
than the development of the brain. It is the immediate environ- 
ment which acts on the organism ; and man, in social communities, 
is no longer chiefly dependent upon muscular vigor, but upon 
mental activity, for a successful existence. But corroborative 
evidence of the development of man from a lower type of animal 
life, we find in the fact that for every bone, muscle, or organ in man, 
there is a corresponding one in the anthropoid apes. It must not be 
left out of sight that any special distinctions of this kind between 
man and certain apes have been found totally wanting. All the dif- 
ferences now recognized, including that of the cubical contents of the 
brain case, have been found to possess only a comparative value 
from their range of variation in different apes and in different men. 
This much we can, therefore, clearly show, that the difference 
between man and certain lower animals is a quantitative, not a 
qualitative one. With this, and the arguments ft'om embryology 
and from mental evolution, the case of the total development of 
man stands, we must think, on very firm ground, even without the 
assistance of the analogies to be made with the development of 
other organisms, and without drawing on the possible future dis- 
coveries of palaeontologists, the character of which might be 
justly infeiTed from what has been already presented. 

A work of immense labor it is to unravel the network of complex 
thought which surrounds us to-day, and determine the origin of 
the separate threads. Such a labor is comparable to that of the 
biologist, who, through a succession of different but allied species 
of animals, traces the origin and modifications of a bone or muscle. 
But so much exists upon this subject already that I have ventured 
to give the material points of our mental progress, which may 
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possibly assist us in our conceptions of the successive stages 
through which the mind of man has already passed. At the outset, 
we cannot too strongly insist upon the comparative value of such 
terms as *' civilization." Our general tendency is to give a fixed 
value to such words, measuring them by our own standard ; and to 
this unconscious action, which has a wide application, and from 
which nothing but culture will free us, deeper thinkers have given 
tlie name anthropomorphic. In this instance, since our civilization 
is constantly changing, we can only consider ourselves as standing 
on a plane of comparative excellence, while a comparison of our 
own with the civilization of the Chinese, Hindoos and Japanese, 
shows us that in some few points, it may be, we have a lesson to 
learn ; while in others, as in the character of criminal punishments, 
these nationalities occupy ground that we have abandoned cen- 
turies ago. The motor of civilization must always consist in an 
improvement of the machinery for the exchange of thought. This 
follows from our conception that our intelligence results from our 
sense impressions on the brain, and that we understand by educa- 
tion the process of acquiring these brain-pictures. Clearly, the 
acquirement of articulate speech marked the first advance in human 
communities in mental evolution. It does not appear how articu- 
late speech came to us, although we may hope that in the disinte- 
gration of vocal sounds, by some such invention as the phonograph, 
a reasonable theory of its successive steps may be brought out. 
The first marked advance upon the formation of language lay in 
the discovery of the characters of writing which we call phonetic, 
the steps to which were marked by the use of difierent 'grades of 
object signs. Through the invention of writing, a man*s experi- 
ence in this world was not lost when death struck him dumb. For 
the earliest writings we have retained a special reverence which 
lasts until to-day, and has not been dissipated by extended famil- 
iarity with the process. The next step lay in the invention of 
printing — always following the same line of advance which mental 
development had marked out from the first, the growth of the mind 
toward receiving more and more perfect brain-pictures of external 
things, and the effort to assist this growth through the dissemina- 
tion of ideas. Before the invention of printing, an important 
part of the process of education was limited to the few, because 
these alone possessed the art of writing and the means to secure 
collections of manuscript of different kinds. Hence the difference 
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between ancient and modern civilization lies chiefly in this, that in 
the former the masses could chiefly be improved from outside of them- 
selves by the orator. The printing press, at a later time, enabled 
the people to take the orator home with them, and review at any 
time his messages. In ancient times writing required to be read, 
and the stated re-reading came to be a custom in public, before 
the action graced the hearth at home. So we may consider the 
advance of mental intelligence to be marked by these three great 
inventions : speech, writing and printing, while in our own day the 
spreading and perfection of our intelligence have been aided by the 
kindred inventions of the telegraph and telephone. Civilization 
thus appears as the consequence of the dissemination of experi- 
ences among mankind. 

Those who have brought together the story of the ancient civi- 
lization of Greece have agreed with unanimity that the separation 
between the mass of the people and the intellectual portion . be- 
came at length insurmountable, and finally led to national destruc- 
tion. This makes for our own view, that it was to a defect. or 
incompleteness in the machinery for the dissemination of knowl- 
edge, that we must ascribe the dying out of the older states. An 
intellectual aristocracy was established in Greece, which, in order 
to maintain its superior position, and thus, from natural and selfish 
motives, endeavored to prevent the spreading of new facts, but it 
was assisted in this action by the limitations which an ignorance 
of the art of mechanically duplicating writing, threw around it. 
Philosophers have explained the fall of Greece, by considering it 
as a necessary step in the progress of humanity and the perfection 
of a future bloom of knowledge. And so in one sense, it may be ; 
but still exactly where the defect lay, and where there is a positive 
advantage in the conditions of modern civilization, and wherein 
modern civilization more adequately protects the state, have some- 
times escaped them. To understand this fully we must come back 
to natural history'', to anthropology, at last. A large class of 
persons with a certain bias persistently decry our modern civiliza- 
tion, and look for its more or less speedy e vanishment, merely 
because Rome perished and Greece decayed. But nowhere 
in nature is there exact repetition, and to understand the 
new civilization we must remember that it rests on a larger 
average intelligence, brought directly about by the discovery 
of the art of printing. There is then a distinct reason, a scientific 
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ground, for the opinion that our present civilization rests upon a 
surer basis than did those which preceded it, and this we may safely 
bring forward in the cause of truth. For science is in danger al- 
ways of being regarded as the enemy of the state, because it tends 
constantly to modify existing ideas. But if we can show the ne- 
cessity for a constant modification of our ideas, arising out of our 
own constitution, then it may be seen to be unreasonable to de- 
fame those who follow the search for truth. And it being undoubt- 
tedly true, as Locke says, that of all the men we meet with, nine 
out of ten are what they are, good or evil, useful or not, by their 
education, we can see how wide-reaching the effect of our improved 
basis of civilization must be upon us as a people, and how impor- 
tant it is to understand the real direction in which it works. 

But, indeed, the position I have tried to sustain in this address, 
lies outside of any criticism of modern education. I have tried 
simply to show the way in which our modern civilization has grown 
up, and its real superiority over ancient culture. From this we 
may rest assured that science, while it influences, can never be an 
enemy of the state, and that the danger of the state, as well as 
other social systems within the state, will lie in the direction of an 
opposition to scientific truth and the right reason of mankind. But 
it remains for science to play a distinct part in the discharge of its 
full dutj'^ to the community, by popularizing its discoveries. Doing 
this, it will insure the stability of the state by increasing the 
general information of the people. Through the instrumentality of 
publications, particularly such as the New York Tribune Extras^ the 
Popular Science Monthly^ and the American Naturalist^ this work 
of reaching the people is being specially undertaken. But indeed 
the work of science is being aided generally by the newspaper. 
And in this work an association such as that we enjoy can take an 
active part by giving popular lectures. There rests upon us, then, 
a responsibility deeper than the perfection of our own knowledge 
— we have to spread it in the interest of the whole state. Grati- 
tude to those who generously entertain us at our annual meetings 
should, at least, prompt us to give in return the knowledge we 
possess in its easiest shape, while we may confidently hope that in 
so doing we are aiding the prosperity and peace of our common 
country. And beyond these there is the future Man for whom we 
are always working, and who is to be wiser and happier than we 
can ever be. 

A. A. A. S., VOL. XXVn. 12 
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The demand has come up from teachers throughout the country 
that they should be better informed as to the manner in which 
the sciences may be introduced into the schools and the matter to 
be taught. It is the duty of this Association to furnish the infor- 
mation. If we have not sympathized with this inquiry in the past, 
let us assist it in the future. It is quite evident that the sooner 
this Association commits itself as a matter of principle to the 
furtherance of science among the people, the more following it will 
have and the greater influence. And if it does not it will fall 
behind its peculiar duty and out of the line of advance in human 
thought. This Association must be prepared to demand more 
time for scientific studies from the public school authorities, and 
it must show to every one that education is a matter which not only 
falls properly under its cognizance, but which it is also prepared 
to take bold of. This Association should no longer delay to bring 
all its forces to bear upon the question of science as applied to 
education. While it does not do so, it will always seem to shirk a 
duty and ignore one chief end of its existence. 
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The Relation of Adhesion to Horizontal Pressure in Moun- 
tain Dynamics. By H. F. Walling, of Cambridge, Mass. 

Geologists of to-day are quite generally agi*eed in attributing 
to horizontal pressure much of the folded and otherwise disturbed 
condition of the rocky strata which is observed in and near moun- 
tain chains. Rocks are found tilted and folded in such a manner 
that they occupy less horizontal space than when originally depos- 
ited in a nearly level position. The conclusion is obvious that 
the force which effected the change, if not a horizontal one, must 
have had a large horizontal component. 

Cataclysmic hypotheses, according to which the earth's crust 
has been suddenly rent asunder, folded up into ridges and other- 
wise distorted by the pent-up, heat-generated forces below, or 
thrown into waves by the fall into the molten interior of a crust 
too large for the contracting nucleus, etc., although formerly en- 
tertained by such eminent men as Humboldt, Agassiz, Ritter, Von 
Buch, Beaumont, Werner, Rogers and other noted geologists, have 
been almost entirely abandoned for hypotheses less discordant 
with the gentle and gradual processes which, on a more complete 
study, one finds indicated in the appearances of the rocks. 

What is called the "contractional theory" was first proposed by 
Professor Sedgwick in 1831,^ and has since been quite generally 
accepted by geologists. According to it the folds of the earth's 
crust are due to its adaptation to a contracted interior, and the 
comparison is sometimes made between the folds which are sup- 
posed to constitute mountain chains and the wrinkles in the skin 
of a shrivelled apple. Recent examinations of this theory, how- 
ever, seem to prove its entire inadequacy to explain observed 
phenomena. 

Capt. C. E. Button, of the U. S. Geological Survey under Major 

X "On the Geological Strata of the Cambrian Mountains." Trans. Geol. Soc, Jan. 
6, 1831. In a recent paper by Frofeseor Alph. Favre, see note, p. 10, he remarks thai 
Descartes as early as 1644 had suggested a similar hypothesis to account for the *' dia- 
location of rocks,'' (Euvres de Descartes, Paris, 1824, III, p. 366, § 42. 

(179) 
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Powell,^ after a careful analytical discussion of the problem, based 
upon the mathematical investigations of the laws of the ^^Conduc- 
tion of Heat," by Fourier, and of the ^'Secular Cooling of the 
Earth," by Sir Wm. Thomson, assigns, for the limits of the sen- 
sible cooling of the earth, horizons not more than two or three hun- 
dred miles below the earth's surface, and says^ that '^although 
no estimate can be made of the contraction of this portion" (above 
the limiting horizon) ^'it is probably safe to say that its volume 
cannot have diminished so much as one-tenth ; and if we were to 
assign thirty miles as the diminution of the earth's mean radius 
since the first formation of a cooled exterior, we should probably 
reach the utmost limit consistent with Fourier's theorem. By far 
the larger portion of this contraction must have taken place before 
the commencement of the Paleozoic age. By far the larger por- 
tion of the residue must have occurred before the beginning of 
the Tertiaiy ; and yet the whole of this contraction would not be 
sufficient to account for the disturbances which have occurred 
since the close of the Cretaceous. In all mountain regions the 
disturbances of the strata, which are supposed to be due to tan- 
gential compression, are so great that in order to account for their 
plication by this hypothesis we should be compelled to assume a 
contraction of some circles of latitude, since the commencement 
of the Permian epoch, amounting to many hundreds of miles. 
But when we examine the Laurentian rocks wherever found, 
their excessively disturbed condition must utterly prohibit the 
belief that it is the result of secular contraction of the interior. 
Bearing in mind that a shrinkage of one-fifth of linear dimensions 
implies an increase of ninety-five per cent, in mean density, and 
that according to this hypothesis such increase is zero at the sur- 
face, it puzzles the imagination to conceive what must have been 
the condition of the earth mass while the Laurentian sediments 
were accumulating, if we are to assume that their present distor- 
tion is due merely to secular contraction." 

Rev. O. Fisher (Trans. Camb. Phil. Soc, vol. xii, p. 414), upon 
an elaborate computation, using Sir Wm. Thomson's results, finds 
that in order to produce a horizontal compression in the solid 
crust, such as geological sections indicate in regions far from 

9 On the Contractional Hypothesis. Am. Jour. Sci., 8d ser., Vlll, 187i| p. 113. See 
Also Penn. Monthly , May, 1876. 
* Am. Jour. Sci., VlII, p. 121. 
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being violently disturbed, a diminution of the earth's radius of 
from 300 to 600 miles must have taken place, which would give a 
co-efficient of expansion far in excess of that obtained by Mallet's 
experiments upon melted slag. 

"Nevertheless," he says (p. 430), "from appearances I think 
we must be prepared to give up our contraction theory altogether 
or to admit a change of dimensions approaching to such an 
amount." He suggests, however, that the earth may have been 
cooled from without inward and that the water of the ocean may 
have been in great part held in a sort of aqueo igneous fusion 
escaping when the rock became sufficiently cooled. 

Capt. Dutton also shows very clearly the mechanical difficulties 
in the way of folding rocks in the manner seen on the earth by a 
tangential pressure derived from the contraction of the supporting 
interior mass. This involves a large amount of slip over those 
areas which are not corrugated. The adhesive force between the 
crust and the nucleus, even though the latter were covered by 
liquid lava, would be something enormous under the pressure of 
thousands or millions of cubic miles of rock spread upon the vast 
areas where the strata show no signs of disturbance, as, for ex- 
ample, throughout the Mississippi valley. Moreover, if the earth 
is still hot enough for a non-viscous liquid layer of melted rock to 
exist between the crust and the solid nucleus, the amount of cool- 
ing and contraction must have been far smaller than that already 
supposed, and therefore still more in deficiency for balancing the 
diminution of width in ground plan occasioned by plication. 

But the most eminent geologists and physicists find strong 
physical reasons for believing that the condition of the material 
immediately below the solid crust, although probably hot enough 
to be liquid if relieved from the pressure of the rock above, is in 
reality that of a plastic semi-rigid mass, perhaps resembling that 
of iron at a temperature somewhat below that of its fusing point.^ 

* rrofessor J. D. Whitney (Whitney on Earthquakes, Volcanoes and Mountain Build- 
ing, p. 75), while admitting the probable solidity of the earth's interior, says ** The late 
researches in physics, however, have shown that there is no such sharp line dividing 
solids from liquids as was formerly supposed, and that all the requirements of geolog/ 
would be satisfied if it should be admitted that the material constituting the earth's 
interior, if not already in the fluid condition, was capable of assuming it when relieved 
of pressure to a certain extent." 

Kev. O. Fisher, (Trans. Camb. Phil. Soc, Vol. XII, p. 433), taking into account the 
small specific gravity of the earth, concludes that a *' superheated condition exists at 
DO very great depth below the surface. By which I mean that if it be solid the solidity 
is due to pressure." 
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If this be the real condition of the supporting mass, it mast oppose 
an enormous resistance to the sliding of the crust upon it, which 
would effectually prevent the accumulation of the corrugating 
effect in narrow belts of supposed weakness. 

It is the object of this paper to show that the adhesion, which 
would thus resist a contractionally derived force, affords a means 
of efficient application of the real force to which rock-folding is to 
be attributed. 

Capt. Button also shows that the force which would be developed 
by terrestrial contraction would act in all directions alike upon a 
spherical surface. The collapse, if it occurred, must have been 
equal along every great circle. These necessary consequences are 
fatal to such a hypothesis in regard to existing mountains. More- 
over, the attempt to raise a broad flat arch of one or several miles* 
span by horizontal pressure against the ends, as any engineer 
would predict, would be futile. No rock, or any other known 
material, could withstand the tremendous pressure required to 
produce such an effect. The elevation of great continental arches 
in this manner is evidently still farther beyond the limits of possi- 
bility. Rev. O. Fisher 5 has shown that the crust of the earth, 
if unsupported from below, would sustain on any vertical area a 
pressure equal to the weight of a column of rock of the same 
density and area of cross section, having a height equal to half of 
the earth's radius, say 2000 miles (3200 kilometres), or more than 
10,000,000 pounds to the square inch (700,000 kilograms to the 
square centimetre) ! 

Capt. Button's conclusions are controverted, however, by Prof. 
Joseph LeConte, who comes to the rescue of the contractional 
theory in a recent and very instructive paper "On the Structure 
and Origin of Mountains."^ In this he insists upon considering 
the agency of terrestrial contraction in producing folds in rocky 
strata as a fact established by observation, a "Formal Theory" 
which "discusses and determines the laws of phenomena and 
the conditions under which they occur," in distinction from a 
•'Physical Theory" which "discusses the physical cause of these 
laws" (p. 107). 

Is not this a begging of the question? This, I take it, is not 
whether horizontal pressure has been exerted — that is evident, — 

» Trans. Camb. Phil. Soc, Vol. XI, p. 489. 
•Am. Jour, of Sci., Aug., 1878, Vol. XVI, p. 95. 
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but whether the contraction of the earth is the only or the princi* 
pal cause of this horizontal pressure."^ 

In looking for its true cause, let us first accept the principle so 
well taught by LeConte in regard to the origin of continents, and 
which he says "had been previously brought out by Professor 
Dana and Archdeacon Pratt," (he might have added that Sir John 
Herschel proposed it more than forty years ago), attributing ''the 
greatest irregularities, constituting continental surfaces and ocean 
bottoms to unequal radial contraction or a secular deformation of a 
heterogeneous earth ; " that is, the figure of the earth is considered 
to be one of gravitational equilibrium. In fact, Archdeacon Pratt 
has found evidence going far towards a mathematical proof of this 
hypothesis, in the careful study which he made of the figure of 
the earth from data in regard to the direction of the plumb line 
in different places obtained in the great geodetic surveys of India 
and other parts of the world, and from pendulum experiments for 
determining variations in the force of gravity, performed upon high 
plateaus, as well as upon levels but little above that of the sea. 
He says® "The variety we see in the elevation and depression of 
the earth's surface, in mountain and plain and ocean beds, has 
arisen from the mass having contracted unequally, in becoming 
solid A'om a fluid state, and that below the sea level, under moun- 

T Professor Benjamin Peirce, (Proc. Am. Acad, of Arts and Sciences, Vol. VIII), after 
showing that for a two per cent, lineal shrinkage, a probable cooling of the w?wle earth 
of not less than SOOU" Cent, must have taken place, " which would require that its 
original temperature should be higher than would be consistent with the solidity of 
these shrunken strata," suggests that ^'another source of change of form, which would 
produce shrinkage in different directions in different parts of the earth, is to be found 
in the diminution of oblateness ariHing from the diminished velocity of rotation upon 
the axis." After remarking that the lunar action upon the tides is the only known cause 
for reducing the earth's velocity of rotation, he shows that this reduction could not 
have been from a greater velocity than 4,23B times the present, which, to maintain 
equilibrium of form, would make the equatorial axis two and one-half per cent, greater 
than at present. 

But if the above-mentioned geological considerations are admissible, it becomes 
evident that even adding the amount of deformation possible from diminished oblate* 
ness to the contraction caused by cooling, and localizing their united effects in the dis- 
turbed belts, the sum would still be wholly inadequate to account for the amount of 
corrugation observed. 

It will be observed that diminution of oblateness is not contraction in the sense of 
increase of density, but rather deformation. It requires a movement of some part of 
the earth's mass from equatorial to polar regions. According to the considerations 
hereinafter presented, the direction of the axes of corrugation should be normal to 
that of the movement, and the principal effect of plication should be in regions inters 
mediate between the equator and poles. While there would be a diminution of ground 
plan in the direction of rotation, there would be an extension in meridional direction 
throughout equatorial regions, so that corrugation could hardly be expected there. 

» PhU. Mag. XLI, 1871, p. 307. 
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tains and plains, there is a deficiency of matter approximately equal 
in amount to the mass above sea level and that below ocean beds 
there is an excess of matter approximately equal to the deficiency 
in the ocean when compared with rock ; so that the amoant of 
matter in any vertical column, drawn from the surface to a level 
surface below the crust, is now and ever has been approximately 
the same in every part of the earth." 

Sir George Airy, the present astronomer royal of England, 
confirms this view, and, while urging that the upper strata of the 
earth maintains a hydrostatic equilibrium, as though floating upon 
a fluid, remarks^ ''This fluidity may be very imperfect ; it may be 
mere viscidit}' ; it may even be little more than that degree of 
yielding which (as is well known to miners) shows itself by 
changes in the floors of subterranean chambers at a great depth, 
when their width exceeds twenty or thirty feet ; and this yielding 
may be sufl3cient for my present explanation." He then goes on 
to show that certain discrepancies between theory and fact, arising 
in Pratt's computations, might be removed by supposing that the 
floating masses forming the higher plateaus are probably thicker 
and so sink deeper into the heavier material below, than those 
forming lower plains and ocean beds, in the same way that the 
larger logs of a raft would sink deeper into the water and float 
higher above it. 

Archdeacon Pratt remarks that the configuration of oceans and 
continents indicates in a general wa}'^ the equilibrium of heteroge- 
neous materials. He says,^^ " This theory, that the wide ocean has 
been collected on parts of the earth where hollows have been made 
by the contraction and therefore increased density of the crust 
below, is well illustrated by the existence of a whole hemisphere 
of water, of which New Zealand is the pole, in stable equilibrium. 
Were the crust beneath only of the same density as that beneath 
the surrounding continents, the water would be drawn off by at- 
traction, and not allowed to stand in the undisturbed position it 
now occupies." 

If, in accordance with the above stated views, we admit that the 
earth has a rigid nucleus, surrounded by a crust, flexible like all 
known solid bodies under long continued pressures of sufldcient 
magnitude, and that between the crust and the nucleus there is a 

» Trans. Roy. Soc, CXLV, p. 101. 
10 Figure of the Earth, 3d Edition, Art. 138, p. 136. 
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viscous or even nearly solid layer, yielding, perhaps very slowly, 
to unequal pressures, and flowing in the direction of that which 
preponderates, it seems to me that we have an adequate cause for 
strata-corrugation in the disturbances of equilibrium caused by 
denudation. 

It is evident that if there were not some mode of restoration, 
the original equilibrium of gravitational pressures must have been 
greatly disturbed by the removal of materials from continents to 
ocean beds, which has gone on through long geological periods. 
But proofs are abundant, that while in many parts of the world 
sediments were deposited many thousands of feet in thickness, 
they maintained a nearly constant surface level, a little below that 
of the sea, showing that the crust beneath them was sufficiently 
flexible to permit it to sink into the yielding mass below as fast as 
weight was added above. ^^ Examples of this kind of action are 
so numerous as to indicate a general law of maintenance of level, 
this level being subject, however, to secular changes arising from 
^^ unequal radial contraction" of the heterogeneous and slowly 
cooling materials, sufficient perhaps to account for past alterna- 
tions between ocean and continent, as well as for the slow vertical 
movements now going on in different parts of the world. 

Rev. O. Fisher, in a very interesting essay upon "The Inequality 
of the Earth's Surface, as produced by Lateral Pressure, on the 
Hypothesis of a Liquid Substratum," ^^ expresses the opinion that 
diversity of materials cannot explain the oscillations of continents 
and oceans, " For that would require the materials to become 
changed in their, properties from time to time, in a manner highly 
improbable." 

Is not the supposed change of properties here overrated? Is it 
necessary, indeed, to suppose any change of properties, if we 
assume, what is quite in accordance with physical investigations, 
that the rate of contraction or expansion, while passing through 
the same ranges of temperature varies in different substances, and 
is not in simple ratio to the rate of cooling in either? Since con- 
tinuous cooling is inevitable, may not a more rapid rate of con- 
traction of the substances under former continents, than that of 
the materials under oceans, have, at length brought about a sub** 

11 J. D. Dana, Am. Jonr. of Sci 2d ser., XLII, p. 207. J. W. Dawson, Jour. GeoL 
Soc. of London, May, 1866, p. 86. James HaU, Paleontology of New York, Vol. Ill, 
p. 69. 

IS See Trans. Camb. Phil. Soc, Vol. 211, p. 434, Feb., 1875. 
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mei^ence of tbe land and an emergence of portions of tfae sea- 
bottoms? There is no evidence tliat tbe deep ocean beds hare 
ever been dry land, and the oscillations in sedimentary formations 
may not, in general, have exceeded two or three tliouaam) feet. 
Bay twice the average height of continental plateaus. This is a 
very small percentage of the depth supposed to have been sub- 
jected, since solidification took place, to appreciable cooling, a 
depth variously estimated from eighty to five hundred miles. 

Then it must be rememliered that denudation brings about im- 
portant changes in tbe relative horizontal positions of the earth's 
materials, lioth aliove and below the flexible crust. These chiinges 
would tend to gradually reduce inequalities of level, by interchange 
of material over different areas. Moreover, under denuded areas, 
matter from below is gradually brought nearer the surface and 
cooled, while the deposits are carried down into waimer regions 
and reheated ; a sort of solid convection and agency of heat- 
dissipation, by the way, which seems not to have occupied the 
attention of those who have investigated the cooling of the earth's 
interior. 

The maximum t^gregate depth of sediments is, by recent esti- 
mation, 177,200 feet," or about thirty-three and one-half miles. 
It is very probaVile that the areas of deix>sit exceed those of the 
denudation from which the deposits are derived, owing to the 
distributing action of the water in which the sediments are sus- 
pended. If so, the height of the areas cut down must have been 
proportionally in excess of the thirty-three and one-half miles of 
deposits. But taking them equal and supposing no change of 
surface level, that is, supposing the deposits to have sunlt and the 
denuded areas to have risen, we have sistj-seven miles of relative 
change of level, which the denudation has effected between por- 
tions of the materials. This eorrespouds, at tlie present rate of 
downward increase of temperature, say ^'' Fahr. per foot of 
•''>'""'"' at the surface, as talten by Sir Wm. Thomson, to about 
.hr. of maximum relative change in temperatui-e, allowing 
iminution in the rate of downward increase, with increased 
That is, the lowest sediments would be heated 3260° and 
er brought to the surface from the lowest depths in de- 
gions would be cooled 3250°. 

«ad Bt B07. Sac., April I, 
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May we not, accordingly, attribute to denudation an effective 
agency in aid of the production of secular oscillations in surface 
level, through the w^nt of uniformity of expansion and contraction 
in redistributed heterogeneous materials? 

Returning to the cause of folding, if the viscous layer acted as 
a slowly moving liquid, it would, according to the laws of hydro- 
static pressure, while yielding to the excess of loading in one 
place, push up the crust in another, where weight had been re- 
moved from above by denudation. To maintain equilibrium, this 
action must be accompanied by a horizontal flow of the viscous 
matter between the two regions. This horizontal flow would be 
greatest in that part of its path between the sinking and the rising 
areas, where no change of level occurred, since a quantity of 
material must pass that line or belt equal to the whole amount 
displaced by the sinking crust. 

Would not the adhesion between the crust and the stiflSy viscous 
moving matter beneath it,' be sufficient to cause the latter to 
impart its motion to the former, and sin6e the rate of this motion 
would be different in different places, would not crumpling or fold- 
ing of the strata be a necessary consequence ? If so, should we 
not find the greatest amount of folding between the intermediate 
region of greatest motion above mentioned and the denuded 
plateaus? Or should we not find the principal mountain chains 
of the world parallel with, and not far from ocean shores, and that 
the sharpest and most numerous foldings would be upon the flanks 
of mountain slopes and parallel with the ranges? 

An instructive experiment, illustrating this supposed mode of 
crumpling strata, may be performed with a strip of India rubber of 
convenient dimensions, say thirty or thirty-five centimetres long, 
.two or three centimetres wide, and six to ten millimetres thick. 
It should be stretched suflSciently to . add, say one-half to its 
original length, and, while extended, covered with a layer say 
seven or eight millimetres thick, of soft modelling wax. Upon 
this may be placed sheets of differently colored and somewhat 
harder wax, separated from the softer wax and from each other by 
strips of cambric. A slight degree of warmth and pressure will 
cause the different layers to adhere very strongly. On allowing 
the India rubber to shrink gradually to its original length, the 
effect produced upon the colored sheets of wax is curious and 
instructive. 1 found it convenient to prepare the colored sheets 
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by melting white wax with a little venice turpentine, adding pig- 
ments in powder to give the desired colors. I made use of a 
shallow trough of tin-ware of suitable dimensions, which I slightly 
greased. A piece of cambric was then laid in it, and the melted 
wax poured upon it. The cambric thus used is sufficient to sepa- 
ate the sheets and to prevent lateral extension. On trimming the 
ragged edges with a sharp knife, after the India rubber has re- 
sumed its position and the wax allowed to become quite cold, a 
very pretty model of a geological section is seen, in which, how- 
ever, portions denuded in nature are ideally restored. Of course 
the conditions are different in some important respects from those 
they are intended to represent, and the experiment only serves to 
illustrate the folding of strata by adhesion^ during unequal motion 
of the supporting mass.^^ 

• 

^* Since the presentation of this paper I have seen in the "Archives des Sciencea 
Physiques et Nnlurelles de la Bibliothequc Universelle/' Vol. LXII, Greneva, •Tune. 1878, 
p. 193, an account of '* Experiences sur les Effets des Refouieraents on ^crasements 
Lateraux en ti4olog:ie," par Professeur Alph. Favre. The experiments are very similar 
to the one above described, which 1 performed in May, 1878, quite in ignorance that any 
other ptM'son had made or was making similar experiments. I exhibited the wax model 
which I made in this way, to the Appalachian Mountain Club in Boston, June 12, 1878. 

Professor Favi-e's experiments were performed with layers of clay instead of wax, 
but otherwise tlie similarity between them and my experiment is very great. In some 
of the experiments he augmented the adhesion between the clay and India rubber by 
nails projecting into the latter and imbedded in the clay. The description of tliese 
experiments is beautifully illustrated by nine lithographed figures of the clay bands as 
they appeared after the compression and corrugation. Many remarkable resemblances 
to actual mountain formations are designated in the descriptions. 

When the experiment was performed tnthout adhe»iont that is, upon a smooth oiled 
board, by compression alone, the clay was only slightly wrinkled in the middle parts 
of its length, but the effect was to form bunches of clay at the ends, against the Ijlocks 
of wood through which the longitudinal compression was effected, by causing them to 
approach each other. It will be seen that while my experiment was made for the pur- 
pose of testing the effect of cohesion in producing corrugation, Professor Pavre's were 
made to test the operation of lateral pressure, but were unsucoessfUl luitll cohesion 
was brought into play. 

Professor Favre also attempted to imitate the supposed pressure upon the strata of 
the earth in all KoHzontal directions, by operating with a sheet of India rubber, sixty- 
tlx rcntlmoires in diameter, stretched so as to form part of the surface of a sphere with 
a radius of forty-one centimetres. He placed layers of clay upon the stretched convex 
•urfacc, and allowed the India rubber, little by little, to shrink to a plane surface. But 
altliougl) ivpeatod trials were made with layers of clay varying in thickness from two 
to Ihirty-flve millimetres, no satisfactory result of corrugation was obtained. 

What is to bo learned from these experiments? If they prove anything, is it not 
that when ndhosion to the slowly moving material below is sufficient to overcome the 
rigidity of the upper strata, corrugation is effected, but not otherwise'! It seems to me 
that II thin bo admitted, the theory of a world-wide force of compression, arising from 
lnti«rnal contraction, and '* determined into narrow belts of weakness " through absence 
of ndhenlon botwoon a rigid crust and a liquid layer beneath undisturbed regions, is ut- 
torly ovcnihrown ; for this involves the same absence of adhesion under the disturbed 
reglout, Uonco the corrugation in the narrow belt muat be the effect of simple pressure 
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If the rocky strata of the earth are compressed in one or more 
parts of a great circle, they must evidently, to compensate, be 
extended nearly the same amoant in other parts, the difference 
being the amount of actual secular contraction from cooling. May 
not joints, dikes, etc., be the effects of such extension? In the 
case of joints may not the deficiency of breadth be distributed, in 
minute cracks, over areas of widely diffused sediments, by the 
gradually variable rate of flow in the viscous beds to which the 
strata adhere? If the action were more rapid might not the 
stretching be sufficient to open fissures extending from the surface 
down to the regions where the heated matter is held in a rigid or 
viscous condition only by pressure, so that it would liquefy, and 
rise in the fissure on being relieved from pressure? In another 
paper I have described some supposed examples of this kind of 
action in the trap ranges of the New England Triassic formation. 
(See p. 191.) 

The general conclusions arrived at in the present essay may be 
summed up as follows : — 

1. The great inequalities of the earth's surface, its continents, 
high plateaus, and ocean beds, are due to the heterogeneity of its 
upper materials, the lighter floating higher than the heavier upon 
a viscous or yielding substratum. 

2. Mountains are maintained, not elevated, excepting that where 
erosive sculpture has produced great irregularities of surface, the 
peaks and ridges are carried up sufficiently to maintain the average 
level required for equilibrium. 

3. Folding, or corrugation of strata, is produced through the 
adhesion of the upper strata to the viscous layer beneath, which 
in its movements to restore the equilibrium, disturbed by the 
transference of materials which has been effected by denudation, 
reduces the horizontal width of the supporting viscous layer, and, 
with it, that of the supported strata above. The folding is not 
caused to any great extent by lateral pushes against the two 

against the two opposite sides, and this is shown by Professor Favre's experiments, as 
well as by the mechanical reasoning of Capt. Dutton, to be impossible. 

As might have been expected, movements uniformly distributed in all directions, 
such as are produced upon its surface by the contraction of a sphere, did not in 
Professor Favre's experiments, even when transmitted to the overlying clay by adhe- 
sion, produce ridges, etc., representing mountain chains. 

Are we not justified in concluding that the horizontal components of the forces, 
which really produce strata folding, are normal to the axes of denudation and are 
transmitted f^om the moving mass below by adhesion ? 
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opposite sides of the folded region, bat by a force prodacing a 
diminution of ground plan, distributed entirely across tJie folded 
region,, and applied to the rocks above^ through their adhesion to the 
supporting mass, 

4. The regions of greatest relative or differential underground 
movement are the regions of greatest surface disturbance. This 
disturbance under ocean bottoms is generally one of extension^ but 
widely distributed, and usually manifested in numerous minute 
cracks or Joints, except in special cases where fissures and dikes 
are produced by more rapid stretching. On denuded slopes the 
disturbance is from a force of compi'ession, causing folds, etc. The 
most favorable locations for powerful action of this kind are the 
slopes of continental plateaus, as, for example, the Himalaya 
plateaus and those along the western coast of America, 



SoMB Indications of Recent Sensitiveness to Unequal Pres- 
sures IN THE Earth's Crust. By H. F. Walling, of 
Cambridge, Mass. 

New England Triassic Region. Supposing that the Triassic 
formation in the Connecticut valley would be more likely than the 
other more disturbed regions of New England to retain indica- 
tions of yielding to unequal downward pressures of irregularly 
denuded upper strata, I recently passed a few days in examining 
the dips of the strata in the northern part of this formation, more 
particularly in the neighborhood of Mount Toby, in the towns of 
Levcrett and Sunderland, Franklin county, Mass. 

Mount Toby, Mount Toby, or Mettawampe, as it was named by 
Dr. Edward Hitchcock, rises to a height of about 1200 feet above 
the level of the sea, or 1000 above the level of the Connecticut 
valley in its neighborhood, and forms a ridge of this height about 
a mile and a half in length, having a direction a little east of 
nortli, with several irregular spurs, two or three hundred feet 
lower along their summit. Its base covers an irregular oval 
measuring some four miles from north to south and two and a half 
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from east to west. It extends quite to the boundary of the 
Triassic on the east, is within about sixteen miles of the most 
northerly outcrop, and four miles of the western side of the 
formation. 

Dip of the Region, The general dip of the formation in the 
Connecticut valley is towards the east, and there are no sharp 
folds, faults, or other indications of disturbance, than a general 
relative uplifting of the western side of the basin. Professor 
Edward Hitchcock, who made the oiAy authorized survey of this 
region in Massachusetts, came to the conclusion that the strata 
were deposited in a horizontal position and have since been tilted 
up on the west side with the included trap dikes and beds. He 
sees no reason to suppose that the trap out-flows have been instru- 
mental in the uplift.^ 

Trap Rocks. Dr. Hitchcock found the trap interposed in suc- 
cessive beds between the sandstone. He found no visible dikes in 
Massachusetts, though he supposed that they existed under the beds 
and that "through them the trap ranges were protruded." 

Mode of Formation. The sandstones and conglomerates of this 
region are made up from the detritus of the older rocks around 
and were, doubtless, the result of the denudation of the granite 
hills on the east, west and probably on the north. If the ^' adhe" 
sion theory" proposed by me in another communication be ad- 
mitted, we may suppose (see p. 189), that while the basin was 
being loaded down with deposits from both sides, movements of 
the plastic material underneath took place towards the east, the 
west, and in some localities towards the north. This would pro- 
duce a stretching of the crust in these directions owing to its 
adhesion to the viscous matter below. 

Might not tliis stretching have produced, in some places, vertical 
openings of sufficient width and depth to permit the highly heated 
material below, which would thus be relieved from pressure and 
rendered more fluid, to rise in the crevices so formed and even to 
overflow the surface, under such conditions that the locality over- 
flowed would be below the level of the earth's surface, supposing 
its crust were all melted and homogeneous with that underlying 
the region considered, that is, below the level surface for matter 
of that density? 2 

^Report on the Ichnology of New England, pp. 14-17. 

I The specific gravity of several specimens of trap whioh I gathered in this region 
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Variations in the Dip. While the general directions of the dips 
are easterly, averaging about 50°, there are some exceptions, 
and these exceptions, so far as they have come under my observa- 
tion, or are described in Dr. Hitchcock's Report, seem to me to be 
in accordance with the equilibrium theory, and to indicate a sensi- 
tiveness of the earth*s crust to unequal pressures. The excep- 
tions, says Dr. Hitchcock, are found chiefly near the margin of 
the sandstone. ^^Thus on the Springfield section it will be seen 
that there is a westerly dip as we approach the hypozoic rocks in 
the west part of Westfield. Again on the Turner's Falls Section, 
near the east end, we find somewhat of an anticlinal axis, giving 
a slight northwesterly dip, though the stratification at tliis 
point is obscure. In Hatfield also I have observed a westerly 
dip, extending even across the river to the granite of Mount 
Warner, as shown in the Norwottuck section. The strike in 
general is northeasterly and southwesterly, ranging, however, 
between north and south and east and west in particular places. 
Tin's is particularly the case where the trap ranges c^irve so as to 
run in the same direction^ as at Mount Holyoke and in Gill'*^ 
Dr. Hitchcock also remarks (see R€f)ort, p. 11) that **the lower 
beds have upon tlie whole a higher, though not much higher, incli- 
nation than those abo>e the trap. It is not so obvious on the 
Turner's Falls section, as it is upon that crossing Mettawampe, 
which mountain shows an average dip of only 5** to 10°. The 
same thing is obvious by comparing the strata west of Mount Tom 
with those on the east in South Hadley and Granby" The italics 

a\'eragcd 2*70 ranging from 2*71 to 2*80. That of the sandstone was Bomewhat less, 
rnrying from 2--15 to 2*77 and averaging 2-G8. 

It may be objected that, under the equilibrium hypothesis, the denser materials 
could not oviM flow tlie ligliter, but it should be conbidcred that the upfluwing lava, on 
being rt* lifved from pressure, woul<l be likely to expand and so extend the lenglh of 
the balancing column, and that its density might then in its heated condition have been 
conhiderably \v^s than now, when cold. Moreover, its sudden flow from under the 
strata adjacent to the flseure would perhaps allow them to sink, so that the surface for 
a short di^tance each sitle of the dike would be below the equilibrium level. 

It is not probable, however, timt the surface of the upper stnita would be kept 
exactly at Mic equilibrium level, though as already shown, geological evidence goes to 
prove tiiat tliis was true within comparatively narrow limits, between which it is qnite 
poriHible that periodical or cimvulsivc movements occurred, owing to sudden ruptures 
of the btraincd t>trata. Is It not likely that such a movement wouM take place on the 
formation of a llsture. and that the reaction, on a sudden release from frtrain, might 
generate a momentum which would carry the strata down fiom a position a little above, 
to one somewhat below the equilibrium level, the difference of specific gravity, if any 
exiHted, being too small to offer but a slight rosistauco to the movement ? 

•(Report, p. 10.) 
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in these quotations are mine and I think the facts they emphasize 
tend strongly to corroborate the equilibrium theory. 

Dips around Mount Toby, I made a complete circuit of this hill, 
close to its base, besides ascending to its summit, and took the 
dip at many different places. They are shown upon the accom- 
panying plan, which, with the two sections cutting it from north 
to south and from east to west, will give a correct idea of its 
stratigraphy. It will be seen that this is quite in accordance with 
what was to be expected, admitting the equilibrium theory ; for, 
although the weight of the mountain has of course been considera- 
bly diminished, so that its summit is probably higher than the 
upper level of the original strata from which it has been carved 
by denudation after its original emergence, the denudation has 
been so much greater all around it, that the strata have been pushed 
up so as to give them under and around the mountain the form of 
a basin or canoe. The eastward dips, however, predominate, as^ 
might be expected from the general inclination of the basin. 

Sections by Dr. Hitchcock, The sections by Dr. Hitchcock,^ a 
reduced copy of which, and of that portion of the map showing 
Massachusetts territory, accompanies this paper, indicate a similar 
pushing up of the strata wherever the denudation has been greater 
than in its neighborhood. Thus in the vicinities of Mt. Tom and 
the Holyoke range, preserved by the hardness of the trap of which 
they are mainly composed, we find that the dips on the east and 
south, as already stated on Hitchcock's authority, are not so great 
as on the west and north, or, that the general eastward inclination 
has been increased on the west and diminished on the east, as 
might be expected in consideration of the weights of these eleva- 
tions resting tipon a bending crust supported by a semi-fluid 
foundation. The westerly dips of the sandstone against the 
granite hills on the west may, in the same way, indicate the 
superior resistance of the latter to denudation. 

Bending of the Crust by the weight of Sediments. If it should 
seem mechanically improbable that a weight comparatively so 
small as that of a hill 1000 feet in height should be able to bend 
down a crust of rock many miles in thickness, it must be remem- 
bered that this same region af&)rda. an example where the crust 

* Hitchcock's Beport on Ichnology. 
A. A. A. S., VOL. XXVU. 13 
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yielded gradually to small increments of weight thronghont the 
whole 8000 feet or more of its deposition.^ Somewhere between 
the solid crust at the surface and the region where the intensely 
heated matter is rendered permanently rigid by the unremitting 
and tremendous pressure of the weight above, must there not be a 
region, which if not plastic, is rendered so by the removal of a 
portion of the pressure from any direction ? If, as supposed by 
G. Poulett Scrope^ and advocated by T. Sterry Hunt and others,^ 
plasticity is produced or greatly augmented at a temperature much 
reduced from the point of fusion, by the presence of water among 
the heated rocks, may not the upper limits of plasticity be brought 
so near the earth's surface as to render the crust above sufficiently 
flexible to yield, though perhaps with extreme tardiness, to such 
inequalities of pressure as are here exhibited? Moreover, have 
not the experiments of Tresca upon the flowing of metals, those 
of Wohler and Spangenburg upon the *^ Fatigue of Metals" under 
repeated strains, and of others upon the nature of ^'permanent 
set" and the imperfect resilience of solids in general, proved that 
the diflerence between known solids and liquids consists in the 
amount rather than the presence or absence of a resistance to 
change of form, and in the length of time required for internal 
strains to relieve themselves by effecting the deformation that they 
tend to produce? May not the question of the resumption of 
the equilibrium figure by the earth's mass, afber it has been dis- 
turbed by denudation, be simply one of time? And, since the 
process of denudation is itself so exceedingly slow, may not 
the restoration go on with the disturbance, so far, at least, as an 
average contour of surface is concerned ? 

Flexure caused by Unequal Denudation. Let us suppose these 
questions answered in the affirmative, and that the Green Mountain 
Itange was originally a plateau, having a height in this latitude, 
ot from 300 to 500 metres, with more or less gentle east and west 
slopes, the somewhat reduced density of its underlying material, 
as compared with the adjacent regions, causing it to float up above 
them. During long geological periods it has accordingly been 
subjected to denudation, and as fast as its surface was lowered by 

•James HaU, Paleontology of New York, Vol. m, p. 69. J. D. Dana, Am. Jour, of 
Sci., 2d ser., XLII, p. 209, foot Dote. 

• Jour. Geolog. Soc. of London, Vol. XII, p. 828. 

* T. S. JQant, Chemical and Geol. Essays, 2d Ed., p. 6. 
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the Blow action of rain and flood, it has regained or rather main- 
tained its equilibriam level. The western part of the Connecticut 
River Triassic basin has been denuded, and hence elevated, more 
rapidly than the eastern, but for some reason the western flow of 
the viscous substratum has been so inconsiderable or so equable, 
across the basin, that no folding of the supported strata has been 
produced, such as, in general, would-be likely to* accompany 
unequal denudation.® More than a mile and a half in vertical 
thickness of rock has thus been removed from the western side of 
the basin where it is widest, in excess of that taken from the 
eastern side, without materially changing the surface level, ex- 
cepting that portions less denuded, like Mt. Toby, Mt. Holyoke 
and Mt. Tom, have been borne up by the crust of which they 
form a part, which, however, has been gradually sagged downward, 
in a relative sense, nnder and around them, by their weight as we 
have seen. Supposing no diminution in width of ground plan to 
have occurred, the amount of horizontal compression produced 
has been only the diflference between the hypothenuse and horizon- 
tal base of a triangle having an angle of elevation not exceeding 
15°, say four or five per cent, of the width of the basin. 

Triassic Formation in New York, New Jersey^ etc. In the 
Triassic basin on the other side of the Green Mountain Range, 
commencing on the west bank of the Hudson, in the state of New 
York and extending across New York, New Jersey, Pennsylvania, 
etc., the general dip of the strata is across the basin toVards the 
west and northwest In New York- and New Jersey, that is, in the 
opposite direction to the dip of the Connecticut valley basin. This 
indicates an uplift towards what was probably an axis common to 
the two basins and lying between thenu If this axis continued 
all the way along the easterly side of this more westerly basin, its 
southern extension has subsided below the level of the sea across 
Long Island Sound, New York Lower Bay and the state of New 
Jersey, probably on account of an increase of density in its un- 
derlying materials, in the manner supposed in the foregoing paper 
(see pp. 185, 186). Its course was probably southwesterly across 
the state of New Jersey, then westerly, and again bending towards 

*If the emergence of the basin and its denudation rapidly succeeded the deposition 
of its strata, may not the isogeotherms, carried down by the sinking deposits, have 
moved so tardily on their return, as to have left the Triassic strata with the still un> 
softened rocks below, more rigid and capable of resisting corrugation than those on 
either side? 
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the south, having a general trend parallel with the Appalachian 
ranges in Pennsylvania, Maryland and Virginia. 

Similarity to the Connecticut Valley Ba^in. The Triassic basin 
west and northwest of this axis resembles its Connecticut valley 
counterpart in having no folds, no synclinal or anticlinal axes, and 
in having trap outflows of considerable thickness conformably in- 
terposed between the sandstone strata. There is also a similar 
tendency in the direction of the dip near the trap outflows, to 
become normal to that of the trap ranges in their sinuosities, and 
a narrow belt of disturbance occurs along the northwestern 
border of the basin, across New Jersey, the sandstone strata 
being turned abruptly upwards, instead of downwards as on the 
west side of the Connecticut valley basin. Professor Cook de- 
scribes these features as follows:^ ''Along the northwest border, 
and for a short distance from it, there is a steep dip to the south- 
east, and the rocks are much fractured. Near the trap ranges of 
the First, Second and Third mountains, where their direction is 
changed as shown on the map, from the usual northeast and south- 
west course to a northwest and southeast course, the dip also changes 
from the northwest to a northeast or southwest direction." 

Now the trap outflows, which were nearly level when extruded, 
have, fVom the compactness and toughness of their structure, re- 
sisted the action of denuding agencies longer than the sandstone, 
and hence have remained above the general level of the latter. 
They havft also tended by their weight to keep the strata beneath 
them in a horizontal position. Hence the approximate parallelism 
of the strike, or line of intersection of the strata by a horizontal 
plane, to that of the trap hills in their immediate vicinity. Thus 
we see that while the sandstone strata were elevated as fast as 
eroded, so as to maintain a nearly unchanged general surface level, 
hills from 300 to 600 feet in height (100 to 200 metres), which 
have resisted the erosion, have acted by their weight to prevent 
elevation in their own neighborhood, clearly proving sensitiveness 
in the earth's crust to inequalities of pressure. 

As to whether the sharp upward flexure of the sandstone strata 
against the gneiss rock on the west has been produced by a more 
rapid denudation of these adjacent hills, causing a sudden diminu- 
tion in the rate of flow of the substratum across the line of 
junction, by a turning against the gneiss of the upper edge of the 

* Geology of K«w Jeneji G. H. Cook, State Geologist, 1868, p. 19S. 
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prism of sandstone, the cross-section of whose upper part is a 
right-angled triangle whose hypothenuse has been brought to a 
horizontal position by the elevation of the farther end of the 
formerly horizontal base, or by some other cause, I will not venture 
to express an opinion. 

Relation of the EartKs Exterior ^ to its Interior. The examples 
presented above, which I have no doubt are similar, in the lessons 
to be derived from them, to many others which could readily be 
cited by geologists, seem to show that the interior of the earth 
maintains close relations with its exterior, and that the ^' grand 
generalization of Humboldt," according to which all geological 
phenomena may be fused into one idea of " tJie reaction of the 
interior of the earth upon its exterior^** ^® is more directly and com- 
prehensively true than Humboldt imagined. The evidence becomes 
more and more conclusive that the force through which the reaction 
is produced is simply that of gravity. Even the energy displayed 
in volcanoes and earthquakes has been attributed, and doubtless 
with truth, to disturbances of gravitational equilibrium by Herschel, 
Babbage, and later by Sterry Hunt. The view of Mallet that the 
heat energy of volcanoes has been derived from a conversion of 
the falling force of a collapsing shell, however ingenious, is beset 
with difficulties as to the mode of localizing the energy, etc., while 
if we have a heated substratum subjected to heavy pressure and 
thus maintained in a state of repressed liquidity, a partial removal 
of the pressure is sufficient to bring about upward or lateral flow 
of the heated material and the other consequences which naturally 
follow, producing, under certain circumstances, volcanic eruptions. 

If we admit that the earth's interior, when its gravitational 
equilibrium is disturbed by surface movements, reacts upon the 
surface in the manner which I have supposed the stratigraphy of 
the Appalachian Triassic Region to indicate, we have, in the 
present topography of the earth, data from which new light may 
be thrown upon the geological dynamics of the past, while on the 
other hand the stratigraphy of the rocks will give much informa- 
tion in regard to the archaeology of physical geography, or ^^ paleo- 
topography." 

i** Whitney on Earthquakes, etc., p. 7. 
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On the Complete Series of Superficial Formations in North- 
eastern Iowa. By W. J. McGee, of Farley, Iowa. 

This paper comprises a brief Bammary of the resalts of several 
weeks' examination of the superficial geological formations of 
parts of Dubuque, Delaware, and Clayton counties, Iowa. Not 
less than 800 miles have been travelled over, and 200 sections 
examined more or less carefully. The examination of over 500 
square miles has been completed, and materials collected lor the 
preparation of a full series of maps and sections illustrative of 
the topography and the geology, both of the older rocks and the 
surface deposits, of the region. The work has been done on private 
account in connection with archseological reconnoissance, also 
undertaken privately, though with some expectation that the 
results will be finally made use of by the state. No publications 
of any character have heretofore been made embracing any of the 
data collected or observations made, except a very brief paper in 
the American Journal of Science and Arta.^ 

The drift in this region is clearly resolvable into five members, 
any of which may, however, be absent. These are, in descending 
order, (1), a perfectly homogeneous, loess-like clay, reddish*yellow 
in color, and quite free from bowlders, gravel, and sand ; (2), a 
stratum of similar clay usually mixed with gravel and sand, and 
closely packed with small sub-angular and rounded bowlders; (3), 
a clay usually darker in color, throughout which pebbles and 
bowlders, often large and angular, are scattered promiscuously. 
It is sometimes rather arenaceous in structure, and occasionally; 
exhibits imperfect stratification, beds of pure clay alternating with 
those of sand or gravel ; (4), a blue or black clay, nearly always 
free from bowlders, sand, and gravel, and usually containing 
wood or other organic substances in a more or less perfect state of 
preservation; and (5), a yellow clay much mixed with, and some- 
times replaced by, sand and gravel, always containing many amall, 
metamorphic bowlders. This member invariably rests on the 
older rocks when it is present. For convenience of reference 
these members are designated by their numbers, in the above 
order, throughout this paper. Their relations will be better under- 
stood from an examination of the accompanying general section. 

1 " On the Relative Positions of the Forest Bed and Associated Drift Formations in 
Northeastern Iowa." Am, Jour, Sd., Ill, Vol. XV, No. 89, May, 1878. 
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A more detailed description of each member will be necessary 
in order that their character and relations may be fully com- 
prehended. 

Number one is very variable in thickness, and is quite frequently 
absent. It may even appear only on the brow of a hill, being 
absent both on the hill-top and in the valley — in the first-named 
situation evidently because it never was deposited, and in the 
valley because it has 6een removed by erosion. Twelve or fifteen 
feet is probably about its average thickness, with an extreme of 
perhaps forty or fifty feet in the eastern part of the region de- 
scribed, along the Mississippi. It is quite loess-like in structure, 
being perfectly homogeneous from top to bottom, and never show- 
rig. 1. 
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General Section exhibiting succession of strata in the superficial formations 
of Northeastern Iowa. a. Alluvium, found in '* bottoms." 1. Loess-like clay. 2. 
Sandy and grravelly clay. 8. Glacial drift. 4. Lower till— blue clay. 6. Sandy 
and gravelly clay, resting on Silurian strata. 

ing lines of stratification or lamination so far as observed,^ though 
it sometimes exhibits a jointed structure when freshly exposed by 
heavy rains. This structure permits it to " wash" readily. Hence 
its presence is characterized by numerous narrow and steep-sided 
ravines, running towards every point of the compass, the inter- 
vening hills being frequently so narrow and steep as to materially 
depreciate the value of the land in an agricultural point of view. 
This peculiarity is strikingly noticeable only where the stratum is 
quite thick, and the subjacent sedimentary strata but slightly 
eroded and cut into valleys, as in parts of New Wine and Vernon 
townships in Dubuque county. 

*0n river bottoms, and especially near the mouths of smaU tributaries to^the 
Mississippi, this member may often be seen mixed with sand and gravel and very 
distinctly stratified. It may also be laminated, the lamination being usually oblique 
to the lines of stratification. In such cases the laminaB do not present straight, but 
slightly curved lines, when seen in cross-section. Whenever such a modification is 
observable, however, the character of the formation is such as to indicate clearly that 
its materials have been reassorted by aUuvial agencies since their first deposit. 
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until some years after the land is broken, while number one never 
has a thick or tough sod, even when uncovered by timber ; though 
this rarely occurs. So generally does the presence or absence of 
forests accord with that of the loess-like clay, that many agricul- 
turists look upon bowlders as a nuisance necessarily accompanying 
prairie farms in order to preserve a "balance of advantages" 
between them and the farms from which the timber has to be re- 
moved. 

A slight difference in the relative productiveness of grain in the 
soil of the two members may also be observed. Wheat yields 
more abundantly, and failures are less frequent when sown on the 
surface of number one, while com is noticeably better on that of 
number three. To what extent these observations bear upon the 
question of the treelessness of the prairies must be left to future 
inquiry. 

Member number two of the series is almost invariably found 
directly below number one, being but very rarely absent when that 
is present, or present when that is absent. Ordinarily, from one- 
fourth to three-fourths of its bulk is made up of fragments of 
chert, small bowlders and pebbles of both metamorphic and 
sedimentary rocks, gravel, and some sand. The metamorphic 
bowlders and pebbles are from the arch^ean beds far to the north- 
ward, while the whole and broken nodules of chert and the bits of 
limestone are from the Silurian strata of the immediate vicinity. 
The bowlders are small, rarely more than 100 pounds in weight, 
and are much water-worn, though but seldom striated. The thick- 
ness of this member will average perhaps from two to four feet, 
though it varies considerably; It usually passes by insensible 
gradations into the next member, so that its exact thickness is 
difficult to determine. 

These two members are simply modified forms of the glacial 
drift. The upper member consists of the lighter, and the lower 
member of the heavier materials forming the drift, assorted by the 
action off moving water during the Champlaln period, or during 
the final recession of the glacier. Their relations will be more 
fully discussed later. 

Member number three is unmodified or slightly modified glacial 
drift, and is distinguished by the same peculiarities here as elsewhere. 




202 SUPEBFICIAL FOBMATIOKS IK NORTHEASTERN IOWA ; 

Bowlders of the archasan rocks are abundant and quite large, fre- 
quently reaching a diameter of eight, ten, or even twelve feet. 
Granite is the predominating material, though quartzites, argillites, 
and other classes are represented. The gi*anite is usually porphy- 
ritic (with feldspar), and is rarely schistose or gneissoid. Though 
quite hard, the surface disint^rates slowly and scales off when 
exposed to the action of the elements. Ramifying veins contain- 
ing a larger proportion of quartz, and hence not so rapidly disin- 
tegrated, sometimes cause the bowlders to weather into odd and 
fancifhl forms. Rudely spherical or angular masses of granitic 
materials, in which there is so little cohesion not only between the 
grains but even between the particles forming the crystals, that the 
spade may be driven through them as through so much sand, are 
occasionally found many feet below the surface, in excavating 
wells. They are obviously disintegrated granite bowlders, and 
the disintegration must have taken place since the glacier. Bowl- 
ders have been so abundant in some fields that a continuous strip 
a rod wide, around a forty-acre lot, may sometimes be seen, formed 
of those taken from that lot alone. 

Karnes^ eskera^ or asar^ singly or in groups, are frequently met 
with. Owing to their nature their materials have been assorted 
and modified by aqueous currents, and their upper strata are 
frequently members number one and number two in their normal 
positions; though sometimes they are composed wholly of 
gravel. Roches moutonnees are common also, though not high and 
therefore not prominent features in the landscape. The stoss side 
cannot always be determined. Imperfect stratification is some- 
times exhibited throughout member number three, though generally 
there is no nearer approach to stratification than local beds and 
lenticular patches of sand or gravel. The bowlders near the 
surface seem to be larger than those below, where there is also a 
larger proportion of limestone bowlders from the immediate vicin- 
ity, — though these are always rare and frequently altogether ab- 
sent. Striated bowlders of Niagara limestone have been observed 
near Delhi, Delaware county, where they were thrown from a rail- 
way cutting. In one case a much worn fragment of Trenton 
limestone containing many shells of the Trenton Brachiopods, 
Orthis and Strophomena, was picked up in the northwestern part 
of Dubuque county. In order to reach this position it must have 
been transported by the glacier at least forty or fifty miles, and 
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probably much farther. It must have come from the valley of the 
Turkey river, far up towards its source. Striated bowlders of the 
metamorphic varieties are singularly rare, probably not more than 
one in a thousand being so marked ; and I had examined many 
thousand before I observed the first instance in this locality. Such 
as have been seen (if the small bowlders and pebbles from mem- 
bers four and five are excepted) are invariably in the immediate 
vicinity of outcrops or roches moutonnees upon which they may 
have been ground. Striated rock-ledges are unknown, owing, 
doubtless, partly to the somewhat friable nature of the Niagara 
limestone, which forms the foundation on which the superficial 
formations of most of this region rest, and partly to a cause which 
may be brought to light later. Nodules and broken fragments of 
chert from the Niagara limestone form a conspicuous feature of 
this member, especially near its base.^ 

Striae being absent, it is somewhat difficult to determine the 
direction of the ice*flow during the glaciation of this region. The 
shape and direction of kames and roches moutonnees^ and their 
relative positions, afford the only accessible means of solving this 
question. Though the kames are sometimes approximately circu- 
lar, they are generally oblong in shape ; and in either case they 
are not usually isolated but are connected in ranges of two or three 
or even more, — sometimes a dozen, extending over nearly as 
many miles, with scarcely a break. It is found that the direction 
of these ranges and the transverse diameters of the elliptical 
kames correspond, both extending very nearly S. 75® E. No va- 
riations of more than from two to five degrees from this direction 
have been observed, except in the case of small ridges and hillocks 
in broad valleys, obviously formed during post-glacial times. 
This then must have been, approximately at least, the direction of 
the slope of the surface of the ice-sheet (assuming the formation 
of the kames to^have occurred as described by Prof. Warren 
Upham, Assistant State Geologist of New Hampshire, in the 
American Journal of Science for last December (1877), in Vol. Ill 
of the final reports of the Geological Survey of New Hampshire, 
and previously in the Proceedings of this Association, Vol. XXY, 
p. 216, et seq,) ; and as this corresponds quite closely with the 

«The disintegration of the Niagara limestone, leaving great quantities of nodular 
chert, or hornstone, is accurately described hy Prof. James UaU in ** Geology of lowai" 
1858, pt. 1, p. 71. 
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general slope of the cottntry, it mast also indicate pretty nearly 
the direction of the glacial motion. The roches moutonnees con- 
firm this, as their stoaa side (when that can be determined) faces 
the opposite point of the compass; and they usually extend 
longitudinally in the same direction as the kamea. 

Though terraces are frequently found along the rivers and 
smaller streams, formed of this and other members of the series, 
they are invariably such as have been formed by the action of the 
streams themselves in alternately corrading and filling up their 
beds, as they shifted from side to side of their valleys. None 
have been observed which afibrd the slightest evidence of the 
occurrence of continental oscillations since the deposit of this 
member, or even since the laying down of the sedimentary strata. 
Not even a gradual elevation of the surface is required as one of 
the factors in the formation of such terraces as those of this 
region. 

As before stated, this member forms the natural surface over 
the greater part of Iowa. Its exact Junction with the bowlder- 
less territory has not been fully determined, owing to the extreme 
difficulty attending the investigation. The difficulty arises from 
the fact that this member is deeply covered everywhere near its 
eastern limits, by members one and two. Were complete sections 
exposed near the junction, the character of the deposits could, of 
course, be readily determined ; but this is so seldom the case that 
I have ceased to rely on this means. Natural sections would 
indeed be common where both deposits are exposed to the erosion 
of streams, were it not that the incoherent and pulverulent nature 
of member number one permits it to form a talus burying all 
beneath it. I have, therefore, been compelled to depend upon the 
occasional presence of bowlders exposed by freshets in the deeper 
drift valleys, and the absence of slender pinnacles and fragile 
peaks of limestone, as a means of determining the limits of the 
glaciated area. The presence of bowlders, unless they are quite 
large, however, cannot be depended on as an infallible guide, where 
the country slopes so rapidly — 525 feet within twenty miles — 
from the glaciated and over the bowlderless region toward the 
river, as there is a strong probability that some have been trans- 
ported by water. Hence the only perfectly reliable evidence of 
the limits of glaciation is the presence of slender peaks on one 
side and their absence on the other. These are so rare that I have 
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thus far made no effort to determine the exact junction, only re- 
cording the position of the unsupported rocks as observed. 

This member is frequently denuded of the superincumbent 
deposits so that its exposures seem to follow the water courses. 
This is well exhibited in Cascade, Liberty, and Tajdor townships, 
in Dubuque county. In Dodge township, on the contrary, where 
but a thin stratum of loess was deposited and the water courses 
have but little fall, member number one tends to follow the 
streams. This anomalous distribution necessitates great caution 
in fixing the limits of the several members on maps and sections. 

The average thickness of this deposit may be put at twenty-five 
feet, though it is very variable. Its base is not horizontal, as 
might be supposed, but is to a remarkable extent conformable 
with its surface, which had also been eroded before the deposit of 
members one and two. Hence if it were removed bodily the 
general topography would not be materially changed. To a less 
extent the same may be said of the two subjacent members. The 
sedimentary strata have been corraded and excavated into ravines 
and valleys which correspond quite closely with those of the 
present surface. 

The presence of the unmodified glacial drift over the surface of 
a large part of the state was recognized by Dr. C. A. White, the 
last State Geologist, and it was by him described at some length.^ 
He seems to have erred, however, in placing the eastern limit 
too far west, as he describes Dubuque county as being destitute 
of bowlders ; ^ but such an error is not astonishing when we 
consider the cursory and imperfect examination he was compelled 
to make by the provisions of the act authorizing the survey, and 
does not detract from^his capabilities as a geologist. 

Member number four of the series is a fine clay, or more 
properly a combination of finely comminuted sand, and perhaps 
marl, oxide of iron and other agents in smsAl quantities, with a 
sufilcient admixture of silicate of alumina to form a stiff and tough 
mass. Its color varies from a bluish white to a deep black, the 
prevailing color, where not weathered, being a deep blud. Its 
coloration is due to the presence of protoxide of iron in varying 
quantities. It is sometimes finely laminated, sometimes irregularly 
stratified with intercalated layers of coarse sand or of differently 

« " Geology of Iowa," 1870, Vol. I, p. 82, et aeq, • Loe, cit, p. 87. 



206 SUPEBFICIAL FOB1CATION8 IK VORTHEASTERK IOWA ; 

colored claj, and sometimes exhibits no trace of the action of 
moving water, in which case — as well as in the purer layers 
where stratified — a well marked jointed structure has been ob- 
served. This is not a constant feature, however. Farts of it are 
occasionally so indurated as to resemble shale in structure and 
consistency, as in wells No. 39 (see Table I) and 47-49, where it 
was removed with great difficulty by m^ans of pick and crowbar, 
and in well No. 40, where the laborers drilled and blasted it, mis- 
taking it for rock. Fragments of this shale are often highly 
bituminous, so much so as to be imperfectly combustible, as in 
wells No. 51, 53, and 59. 

Southwest of Colesburg, Delaware county, the clay of the lower 
part of this member is so pure as to yield fine pipe clay. In this 
village is a pottery, the material used in which is brought from the 
Little Turkey river, two miles to the eastward. The formation 
from which it is taken is the Maquoketa Shales of Dr. White,^ the 
lower portion of which, there as at many other localities, consists 
of a fine blue clay. The proprietor of the pottery has tested the 
clay from our member number three, however, and finds it 
superior to the really excellent article from the shales. He is only 
deterred from using it by the great expense of bringing it to the 
surface. It is considered by the potters to be a singular circum- 
stance that the clay which they use should be found in one place 
above, and three or four miles distant, below a solid, heavy-bedded 
limestone (Niagara). I can testify that it is frequently difficult to 
distinguish the materials composing these two formations so widely 
separated geologically — though here sometimes almost associated 
— especially where both consist of a bituminous shale overlying 
bUie clay, precisely similar in appearance and consistency in both.^ 

In one case (well No. 19) the blue clay, member number four, 
was found only in one side of the well, the other being occupied 
by number three. Number four seemed to be pressed out of shape 
and contorted as if by pressure, in a manner imperfectly shown in 
the accompanying section. Analogous sections are figured by 

V Loo. eit.t p. 180. Dr. White considers this formation to have been laid down during 
the same period as the Cincinnati groap, though representing a distinct epoch. It is 
the same formation as that designated Hudson Biver Shales by Prof. James Hall, in 
1868 (" Geology of Iowa," 1868, pt. 1, p. 64), and is the highest member of the Lower 
Silurian system found in Iowa. 

■The carbonaceous nature of the Maquoketa Shales is well shown in the analyses of 
■pecimena recorded in flaU's " Geology of Iowa,'' pp. 85S-36i. 




■JUm 
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Geikie, the Scottish Geologist, in tfis "Great Ice Age."» This 
section will be referred to again. 

Besides the bituminous shale already adverted to, which is found 
in this stratum, the whole deposit is highly nitrogeneous and car* 
bonaceous. When — as occasionally happens — it is exposed in 
sloughs and valleys by the removal of the 
overlying members, the soil is extremely 
fertile; and when the clay has been re- 
moved from wells and spread over the 
surface, it acted as an excellent fertilizer. 

This was especially noted in the case of a^'/s.'^ ,^ 

well No. 28, where the blue clay was ' ^^ 1 /' i ^ 'i^ 

spread around the roots of some sickly ^2=LcSr 

fruit trees, with most satisfactory results, i. Loese-iike clay, 4 ft.; 2. 
Generally, however, it is only the upper 3ffi ^5?m,"^^1h^vtif,JAed 
part of the member which is thus rich in r1^i*rcUy,**^rtrdi^tor{la 
nitrogen. Organic matter in the shape of i;j?,;"Suc"Lnd'^l^7.SLn^^ 
wood, etc., is found in about half of the J'owWwJ's^ft. *'®*'^^®* 
wells in the region described. When ex- 
posed on hill slopes and in valleys formed in the unconsolidated 
deposits alone, small springs issue from the surface of this clay* 
The water, percolating through the more porous materials of the 
superincumbent masses, collects on the surface of this nearly im- 
pervious stratum, and gradually makes for itself a channel com-* 
municating with the external water courses. 

The wood found in the wells is in all states of preservation* 
Sound logs so slightly mineralized as to burn readily form one 
extreme, and roots and branches which may be rubbed to powder 
in the fingers, the other. I have seen an elm trunk from which 
basket-splints might have been made. Slivers could be wrapped 
around the finger, and, on the pressure being removed, would spring 
back to their old form like whalebone. Generally the wood is of 
the varieties now found growing upon the surface ; the only differ- 
ence yet noted being in the abundance of coniferous logs and 
fragments in the deposit, and their comparative absence in the 
existing forests. With some reservation it may be said that re- 
mains of vegetation occur indiscriminately in all parts of the blue 
clay, or even in the gravelly stratum below it. When there is a 
total absence of atratificationj the wood is found only at or near 

• Op, c«.| pp. la, 146. Sm also ** Climate and Time/* Croll, p. 465. 
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the surface of this member ; l^ut this is not very often the case in 
this region. In the majority of cases it occars only in fragments, 
though there are numeroas exceptions. In well No. 36 a stump 
was found at a depth of thirty-four feet, so large and well-preserved 
that after working two days and removing '^bushels" of chips, the 
laborers were compelled to abandon the well. In well No. 30 a 
log eight inches in diameter and quite sound, extended across the 
well and was cut off at both sides. In well No. 17 a similar log 
was found, too large to be removed. In No. 54 one side of the 
well intersected a stump too lai*ge to be removed, which rendered 
the water unfit for potable uses when deep enough to reach it. In 
No. 26 ^'sticks of cord- wood" were found, which were declared 
by those who saw them to still retain axe-marks on the ends. 
They were cut up and burned in the kitchen stove. Apropos to 
the finding of axe-marks, ^' chips " are reported to have been found 
in many instances. Similar ^^ chips" and ^' axe-marks" have been 
attributed by Dr. J. S. Newberry, whose ability is unquestioned, 
to the action of the teeth of Castoroides ohioensis;^^ but the same 
cannot be said of the following ^' finds." From well No. 59 a 
piece of timber six inches in diameter and accurately squared was 
reported, from a depth of twenty-three feet. A piece six feet 
long, evidently from near the prow of a canoe, hewn on the out- 
side and burned out on the inside, is reported from a well (not in 
the table) in section 18, Iowa township, Dubuque county. It was 
found thirty-five feet from the surface. A short piece of log ten 
inches in diameter, burned off at one end and perforated by a 
perfectly straight and regular round hole an inch and a quarter in 
diameter near the other, is reported from well No. 68. It was 
found at a depth of nineteen feet.^^ A yet more striking case 

" " Geological Survey of Ohio," pt. 1, Vol. 11, p. 32, note. 

11 This case has been added since Uie reading of the paper. The genuineness of the 
**discoidal stone'' spoken of in the next sentence, has been peremptorily denied by one 
archaeologist and questioned by others. Thus far, however, there is as much evidence, 
so far as the authority of noted specialists goes, in favor of, as against, its genuineness. 
My own conclusion as a geologist, and not as an archaeologist (as will presently appear 
this is not yet a question for the consideration of archaeologists) is, that it is not a 
naturally formed pebble. My competency as a judge of such matters may be ques- 
tioned. I can only say that after having examined hundreds of tons (to keep flur within 
bounds) of water-worn pebbles, I have never seen one at all resembling this, or even 
one in which the same principles were involved in its fashioning. The specimen pre- 
sents two parallel plane surfaces (at one point there is a slight flaw and depression on 
the larger surface), and its periphery presents a circular outline. The periphery, when 
viewed edgewise, presents an irregular convexity, but this convexity is precisely simi- 
lar at whatever point the specimen is examined. The geologists to whom I have 
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was the finding in the same horizon, at a depth of thirty feet, of a 
"discoidal stone" — a partially polished implement probably used 
as a hammer. This is reported to have been found in a well in 
section 1, Colony township, Delaware county. There are also 
many well-authenticated cases of the finding of charcoal and 
charred wood. Some such have come under my own observation, 
and I can therefore vouch for them. Archaeologists will probably 
regret, however, that so little value can be attached to any of 
these ^^ finds." The squared timber and the fragment of canoe ^ 
were both inspected by several perfectly reliable parties, but all of 
them wofuUy ignorant of even the merest rudiments of geological 
and other sciences, and with no conception of the limitation of 
the senses, and the proneness of imagination to fill up what is 
lacking in reality. After such careful examination the specimens 
were permitted to become lost or destroyed. Hence, while their 
authenticity could be unequivocally established before a court of 
record, the necessary conservatism of archaeology prevents their 
acceptance. The same may be said of the perforated block, which 
fell a victim to the house cleaning epidemic, two years after its 
discovery. Several independent witnesses have described this 
article to me, and detailed the circumstances under which it was 
found, and their accounts exactly correspond ; and all were so 
unskilled as to be perfectly unbiased. The perforation may have 
been produced by natural causes though, as is quite possible also 
as regards the charring of this and other specimens ; consequently, 
such cases are not positive proof of the agency of man. 

Dr. Oscar Feschel, the German anthropologist, enumerates some 
of the natural means by which fire may be generated in his " Races 
of Man ; " ^^ and a case is mentioned by a writer in Nature^ in 
which an Algerian forest was fired by the sun's rays refracted in 
passing through raindrops suspended from twigs. The discoidal 
stone is now in my possession ; but it has been used on occasion 
for the last thirty-three years, to drive nails and crack nuts, and 
of the two men who exhumed it, one has been dead for twenty-five 
years, and the other is in a distant territory where his address is 

Bubmitted it haye, with one doubtfUl exoeption, concurred in pronouncing it not a 
water-worn pebble. Since archaeologists have raised the question, however, it cannot 
now be settled without the aid of the most distinguished specialists, in this branch of 
Bcience, now living. 

i> Qp. ci<., pp. 13&-ia. 
A. A. A. S., VOL. XXVn. 14 
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unknown. Hence, inaccaracies may have crept in snfflcient to 
■vitiate the case. 

It is not by any meana intended that tliese instances stiall be 
looked upon as evidence of the contemporaueity of man with the 
ancient forests whose remains we find so abundantly in this 
stratum; but a geologist does not perform his whole duty who 
neglects to record data because they do not happen to verify other 
observations or strengthen existing generalizations. Accordingly 
these contributions to the literature of our surface geology are 
made in the hope that they may prove of value in the future, but 
without the least inclination to magnify their intrinsic value or to 
add to their apparent weight by disregarding depreciatory elements. 
KelicB of man have indeed been found in Europe in what is un- 
doubtedly the precise equivalent of this stratum, and by Dr. C. C 
Abbott in the unmodified glacial drift of New Jersey ; " and 
though it may ultimately be proven that the expectation is but 
an ignis fatuus, I have no doubt that when our surface deposits 
are as thoroughly worked up as those of many parts of Europe, 
vestiges of humanity will be brought to light from the American 
"forest bed." If they are, observations now apparently valueless 
would aid in elucidating the social history and intellectual status 
of the race to which they pertained. 

Pine, cedar (these varieties are not now found in the vicinity 
except in isolated cases along the river bluffs), oak, maple, elm, 
linden (basswood), hickory, willow, and sumach, have been 
recognized from this member. I have also been shown a pipe 
made by a German farmer from a "sweet-brier" found coiled 
around the trunk of an oak exposed in excavating a reservoir for 
a spring, in section 1, New Wine township. The wood is always 
more or less stained and permeated by oxide of iron, and generally 
so far mineralized as to be incombustible. Traces of hydrated 
per-oxide of iron are frequently found in this stratum. It often 
occurs in the form of cylindrical concretions formed partly of clay 
stained brownish by the iron, exhibiting concentric lines when 
viewed in cioas-section. These are sometimes hollow, and some- 
times contain the rootlets around which they were originally 
formed ; and they frequently display the gnarling and ramifica- 
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tions of the roots. These were found in many of the wells in which 
wood was not noted. In one instance, three-fourths of a mile 
northwest of Farley, impure bog-ore has accumulated to a consid- 
erable thickness. The bed has been excavated to a depth of four 
feet without penetrating it. 

In two instances, coarse pebbles were found scattered throughout 
this member. Investigation showed that in each of these cases 
the blue clay rested directly on the limestone, without the inter- 
vention of member number five. It has also been observed that 
when the member is unstratified, the wood is found on or near its 
surface. When stratified it may occur, as before stated, anywhere 
within it or even below it. This member is found in about two- 
thirds or three-fourths of the wells in the region described. (No 
record was kept of those wells in which nothing of interest ap- 
peared in the stratigraphical sequence, and hence the exact 
proportion is unknown.) The average thickness of the stratum 
may be put at twenty feet, though it varies from a mere trace to 
sixty feet (in well No. 42), the greatest thickness observed in 
Dubuque county, or even 100 feet, as in well No. 66, in Endfield, 
Clayton county. This member encroaches further upon the drift- 
less region than number three. It has been found containing wood 
within five miles of the Mississippi at Dubuque, as in well No. 60, 
observed by J. T. Everett, C. E. This is some miles to the east- 
ward of the limits of number three. I have also seen exposures 
of the blue clay on Catfish creek, less than three miles from its 
mouth, and the same distance from Dubuque ; but it may here 
have been transported from farther to the westward. 

Member number five is generally unimportant in dimensions, 
though of considerable practical importance, as within the sand 
and gravel composing it an abundance of good water is usually 
found. As before stated, its absence has been noted in but two 
instances when number four was present, though it is seldom thick. 
Perhaps four feet may be taken as its average thickness, though it 
ranges from a few inches to fifteen feet. Its color is usually 
reddish-yellow, though it sometimes shades into a dark reddish 
color. Frequently the gravel within it is stained externally, and 
for a little distance beneath the surface, by oxides or other agents 
forming, part of the bulk of this member. 

Its individuality is clearly shown by the character of its bowlders 



212 BUPESFICIAL TOBUATIONS IN NOBTl 

and pebbles. Hornblende ia s predoi 
syenite, diorite, porphyry, hnmatite, horn 
blendic slate, are common varieties. All < 
in members two and three, though found 
in the two cases id which it was stony. T 
in the mineralogy of members three and f 
taught me to readily recognize ocularly, bi 
define intelligibly, owing to imperfect 1 
It^cal characteristics of the metamorphic 
deterred from attempting to acquire a ci 
lithology of these bowlders by the magnii 
A score of varieties of pebbles, or even twi 
may frequently be seen scattered over an oi 
stone within a radius of twenty or thirty 
abundant of course, where the pebbles 
membera three and five lie intermingle* 
and limestone are also found in this mcml 

The accompanying Table I contains actii 
localities named, and gives a good ide 
variations of each of the members, as w 
finding wood, etc. Many are taken froi 
several from practical well-diggers who : 
stratigraphy as a guide for future operatic 
prietors who possess definite informatio 
passed through. All doubtful cases have 1 
all those which are recorded in the table 
thentic. Table II shows approximately tj 
the various pebbles in the five member: 
figures were obtained by counting the peb 
in a measured space on a creek-bottom in 
ship, Dubuque county, where the five men 
probably a fair average showing of the cc 
the pebbles. Those marked with a da; 
number five, those with an asterisk fh)m 
unmarked may be from either. 
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TABLE II. 

TABLB SHOWING THE BATIO OF THB YABIOUS KINDS OF PBBBLfiS 
IN THE DBIFT OF NOBTHEASTEBN IOWA. 



CHABACTEB OF BOOKi 



Flint (chert), nnfossilifiBroiis. . 

« " with Niagara fossils. 

Limestone (Niagara), withont 

[fossils. 
« *< fossilifbrous. 

Very hard dark-brown flint. . • 

Homblendic slate.t .... 

Hornblende 80hist.t • • • . 

Syenite.t 

Diorite.t 

Diabasite.t 

Granite, ¥dth flesh-colored or* 

[whitish feldspar. 
" porphyritic* .... 

" with an excess of.qnarts.* 

«• " " feldspar.* 

Gneiss.* 

Black massive qoartz. . . . 

Milky quartz 




24 
8 

Id 
8 
6 

17 
6 
2 
1 
2 
6 
2 
2 
2 
1 
2 



OHABAOTBB OF BOOK* 



Translucent quartz. .... 

Yellow quartz 

Coarse metamorphio sandstone. 

Fine metamorphic " (one 

[striated). 
Coarse sandsUme 

Free corals 

Deep red "chalk." 

Blue flint 

Bed " 

Black jasper. 

Bed porphyry 

CatUnite ( ? ) with impure specks. 

Syenite, with yeins of milky 

[quartz, t 
Pudding stone of small red graius. 

Part of large camelion, with inter- 

[ior crystals. 
Earthy concretions, broken. 

Total, 



o 



1 
2 
2 
2 
1 
8 
2 
2 
2 
2 
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(A few of these pebbles which I was unable to satisflictorily determine were submit- 
ted to Prof. J. D. Dana, who very kindly named them.) 

That so complete a series of drift deposits should be found on 
the very verge of the drifbless region, is certainly a striking fact, 
though an explicable one, and not without a parallel. Dr. J. S. 
Newberry records it as a ^' singular circumstance, that the bowlder 
clay is more continuous in the counties which lie along the margin 
of the drift area, than nearer the divide where the drift deposits 
are thicker." ^^ The phenomenon is probably due in Iowa — par- 
tially at least — to tlie thinness of the ice-sheet, permitting it to 

^ ** GeoiogiCAl Survey of Ohio,'* 1874, pt. 1, Vol. II, p. 26. 
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pass over older accamnlations without removing them,, and to the 
low level of those parts where the loess-like clay was deposited. 
This will be discussed farther on. 

In order to show that the more important of these formations 
are not confined to a limited area, as well as to assist in elucidating 
their true geological relations, a few brief references may be 
permitted. 

In the first geological survey of Iowa, after its organization as a 
state, conducted by Prof. James Hall, of Albany, it was found 
that the upper portion of the drift along the Iowa river in Wash- 
ington county, presented the ^Mithological characters of the 
Xoesd," though not identified with it by fossils.^^ There can be 
no doubt that this is the equivalent of the member number one 
of this paper. 

An unrolled mass of silicified wood was taken from the drift in 
Van Buren county ,^^ but its surroundings were not described ; but 
from the fact that in all such cases where the surroundings are 
described they are the same as in Dubuque county, it may be 
assumed that all were found in the blue clay unless otherwise 
specified. In Lee county, ''a few shark's teeth and a fragment of 
silicious wood *' were found in such a position as to indicate that 
they belonged " to a period somewhat older than the drift." ^^ The 
last State Geologist, Dr. C. A. White, records the finding of wood 
in several instances, sometimes ''in the unaltered drift," and 
concludes that it was " of pre-glacial origin." i® He also mentions 
the finding of peat-beds below the drift in at least two instances ; 
one near Davenport, which is of unusual interest from the fact 
that mammoth remains were found associated, and one in Adair 
county, resting on a ''dull, bluish clayey bed."^^ 

Sections quite similar to many given in the accompanying table 
are also found in "Owen's Geological Survey of Wisconsin, Iowa, 

i« " Geology of Iowa," 1858, pt. 1, p. 241. 

"2Wd., p. 221. 

"JWd.,p.l88. 

« " Geology of Iowa,»* 1870, Vol. I, p. 97. 

19 /&u2.— Davenport, p. 119, Adair county, p. 839. The xnammoth remains were 
found below the member number one of this paper in probably the exact equivalent of 
Dr. Newberry's "forest bed," with peat and coniferous wood. The member number 
four of this memoir was found below, containing waterwom pebbles, some glacier- 
marked. Number one was well developed. 
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and Minnesota." In eighteen wells in Fond du Lac, Wisconsin, 
the following stratification was uniformly observed : — 

Feet. 

"1. Red marly clay, 80 to 40 

2. Blue clay, with strips of quicksand, 40 " 60 

3. SsLud and gravel, 1 '' 3 

4. Limerock (Silurian)." 20 

Number one contained large bowlders. Water was found very 
abundantly in number three. 

Charles Whittlesey describes ^i the homologue of the blue clay 
of Iowa as follows : — 

^' Fine laminated sandy and marly clay of great thickness, of a 
red, purple, blue, and ash color, with few bowlders and little 
gravel, occupying the valleys of the lakes and rivers." ^a The 
formation was traced from western Pennsylvania to northern 
Minnesota. The author adds, — "The laminated clays are in- 
variably at the bottom, where more than one member exists," and 
-—"There is generally a layer of gravel or sand between the drift- 
clay and the rocks on which it reposes. It is a thin bed of porous 
materials which furnishes the water to artesian wells." ^ The 
leaves, wood, and other organic substances found by this geologist 
were usually, though not invariably, from the laminated beds of 
clay. The superimposed deposit was invariably — "coarse sand, 
gravel, loam, and hard-pan, with large bowlders of northern rocks, 
occupying the surface and the heights of land, with but little 
stratification." 24 There can be no doubt that this formation is 
the exact equivalent of the member number three of this paper, 
nor that there is a like equivalence between the laminated clays of 
Whittlesey and the formation here designated member number 
four. 

Dr, J. S. Newberry found the equivalent of Whittlesey's lami- 
nated clays divisible into two parts in Ohio. "Of these, the first 

so Op. dLf p. 468. A similar snccesBion was obsenred at Oshkosh, Wis. 

n^'FreshrWater Glacial Drift of the Northwestern States," 8mU?tsonian ContribU' 
tions to Knowledge^ No. 197, p. 3. 

t9 It must not be supposed from the last daase in this description that the formation 
is confined to water-courses, but only that it is not found overlying the outcrops of 
sedimentary and igneous rocks on the diyides. In the profile accompanying this ex- 
cellent memoir these clays are represented with scarcely a break Arom Lake Erie to 
Lake of the Woods. 

s>it)i<f.,p. 10. 

>«iMci.,p.2. 



220 SUPERFICIAL FOBMATIONS DC NOBTBIASTEBN IOWA; 

and lowest, though not always present, is a tongh, blue, nnstrati- 
fied clay, generally thickly set with small stones; more rarely 
containing those of larger size, ground and scratched." The other 
is a '' fine, laminated clay, without pebbles/' '^ Both the laminated 
and pebbly clays are * * regarded as parts of one formation, 
and the name Erie day is retained for that, since it was coined by 
Sir William Logan to designate its exact equivalent on the north 
shore of Lake Erie." 25 Dj., Newberry found the Erie clay resting 
on the older rocks, and does not note the infraposition of the 
stratum of sand and gravel described by Whittlesey — the number 
five of this memoir. Neither does he mention the finding of 
organic remains in the blue clay (indeed he distinctly states that 
they have not been found there (p. 32), though they have been 
reported as having been found within it — p. 26), his "Forest 
Bed" overlying that formation and being by him considered distinct 
from it. The deposit resting upon the forest bed is by this 
veteran geologist supposed to be of lacustral origin, though it 
abounds in Jcamea and eskersj and is not lacking in bowlders of 
the northern rocks, granite, greenstone, mica, slate, etc., the 
presence of all of which is attributed to the agency of icebergs, 
during an era of continental submergence. In general terms his 
conclusion is — and that it is supported by facts. Dr. Newberry's 
long experience and well-known conservatism are a suflScient 
guarantee — that the forest bed rests upon true glacial drifb, more 
or less modified, and is overlaid by what is not unmodified drift. 
The forest bed itself is described as "a layer of carbonaceous 
matter, with logs and stumps, and sometimes upright trees," with 
occasional beds of peat, and containing remains of Mastodon^ 
ElepkaSy Castoroides ohioensiSy Bison kUifronSy and their contem- 
poraries.^ That the Erie clay is the equivalent of our member 
number four is indisputable ; and that the vegetation of the Ohio 
forest bed was contemporaneous with that found in Iowa wells, is 
equally certain, as Dr. Newberry himself concludes. 

The State Greologist of Indiana, Dr. E. T. Cox, describes the 
finding of "muck beds," with logs, small fragments of wood, bark, 
twigs, roots, peat, grapevines and shrubs, "the fruit of the buck- 
eye, beech, hickory, and buttonwood," as well as remains of the 
elephant, mastodon, peccary, giant beaver, bear, and sloth, and a 

*•" Geological Surrey of Ohio," <oe. el*,, p. 8. 
**iMi^pp.8-4. 
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bone which <' resembles that of the Irish elk,^ all, as in Ohio, above 
the Erie clay or lower till (except in one instance), in what he 
considers to be a lacnstral deposit. The stratum containing the 
remains is reported from the counties of Dubois,^^ Dearborn, Ohio, 
and Switzerland,^ Warren, Lawrence, and Knox,^ Brown,^® 
Jennings, Ripley, and Montgomery .^^ In Dubois county the shrubs 
and grapevines were of "enormous growth," indicative of the 
" luxuriance of a warmer clime ;" in Warren county the " roots of 
trees, shrubs and plants," are spoken of as "of pre-glacial age," 
being covered with drift (though it seems to have been, as is 
usually the case here, a part of the Erie clay, nothing else being 
ever spoken of as "glacial drift") ; and in Jennings county the 
wood " had been very much crushed and twisted, showing that it 
had been subjected to very great force." The wood was so little 
metamorphosed here, however, as to be used as fuel, half a cord 
or more being burned. These reports show that in Indiana the 
forest bed (there can be no doubt that in some of these cases, if 
not in all, the wood is of the same age as in the Ohio forest bed) 
is sometimes distinctly above the Erie clay or lower till, as is 
usually the case in Ohio, and sometimes intercalated with its strata 
— when it exhibits stratification. It is subjacent to rearranged drift 
materials, as in Ohio, when at the top of the Erie clay, and never, 
so far as recorded, covered by unmodified drift, as in the localities 
examined by Whittlesey and in that described in this paper. 

In Nebraska, a section on Oak creek, Lancaster county, where 
the surface is covered by the loess, showed the following se- 
quence : — 

Loess, 15 feet. 

Drift, 2 " 

Peat, 2 " 

"Clay and black soil," unrecorded. 

Drift.32 



! 



The forest bed is common to many parts of Nebraska. It is 
" found in the glacial drift, and separates it into two portions." 33 

*7 " Geological Surrey of Indiana," Ann. Bep. 1872, p. 103. 
*s IMd.y p. 402, et 8eq. 
«» IMd., 1873, pp. IM, 270, 818. 
»0 7Md.,l874,p.83. 
MiMd., 1876, pp. 172-173, 196, 80S. 

>3 " Superficial Deposits of Nebraska " (second ed. — A:om Hayden'e Beport for 1874), 
p. 5. 

M2dW.,p.ll. 
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The Assistant State Greolc^st of New Hampshire, Frof. Warren 
Upham, mentions the division of the till into two members, by 
Otto Torell, of Sweden, ^Hhe lower characterized by its bine 
color, its compactness and hardness and its glaciated stones; 
the upper being marked by a yellow and reddish color, comparative 
looseness of the mass, and its angular or unworn bowlders ; " and 
he adds that the same division is found in New Hampshire, where, 
however, the lower till is dark grey in color, and is distinctly 
laminated.3^ The occurrence of organic remains in any part of 
the drift is not recorded in this connection. 

Mr. James Geikie, the Scottish geologist, gives a more detailed 
description of the Scandinavian drift in his ''Great Ice Age." 
'' It consists of two distinct layers, the lower of which is generally 
darker in color, and containing fewer big stones than the upper ."^^ 
Between the two is found the equivalent of the Ohio forest bed, 
or at least a stratum corresponding with it, from which five species 
of shells and two of plants have been recognized, and which is 
supposed by the Swedish geologists to represent a warmer inter- 
glacial era. The same author tells ns that in Switzerland the 
lowest glacial deposit is '' a dark tough clay packed with scratched 
and well-rubbed stones, and containing here and there some ad- 
mixture of sand, and irregular beds and patches of earthy gravel."^ 
It is quite unstratified, if we except these occasional intercalated 
gravel-beds. Overlying this is found son^etimes, as at Diirnten 
and Wetzikon, in the canton of Zurich, the homologue of the 
forest bed here taking the form of beds of lignite from two to 
twelve feet in jthickness.^^ Numerous remains of trees, identical 
with or related to the species now inhabiting the same region, are 
found, from an examination of which. Prof. Heer (than whom 
there is no higher authority) concludes that the climate of Switzer- 
land during the inter-glacial period was not materially different 
from now. Associated with these have been found the bones of 
the Asiatic elephant, a species of rhinoceros, the urus, the great 
stag, and the cave bear, which affords evidence that the deposit of 
that formation was synchronous with that of our own forest bed. 
Above this are found '^a considerable thickness of gravel and sand, 
in beds which are surmounted with several large alpine erratics." 

•* Am, Jour. Sci.j HI, Vol. XIV, Deo., 1877, p. 462. 
•• Op, cU.» p. 864, et «eg. 
** Loc. oU., p. 873. 
" Loo, oU,, p. 876. 
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"A similar succession of deposits has been detected by Professor 
Hanns Hofer, as occurring in Carinthia," where the organic stratum 
yields remains of the woolly rhinoceros, the steinbock, and Bos 
taurus,^^ To these instances of inter-glacial^beds Mr. James 
Croll, the author of '' Climate and Time," adds others at Dranse 
(Switzerland), Hoxne, Chapelhall, Craiglockhart, Lieth-walk, 
Redhall Quarry, Beith, Crofbhead, and Kilmaurs in Great Britain, 
with others at many localities.^^ In every such case the organic 
stratum is found between beds of true glacial drift, often unmodi- 
fied. Indeed, the presence in Great Britain of a lower till usually 
stained with protoxide of iron, resting on the older rocks with or 
without the infraposition of a thin gravelly or sandy stratum, and 
overlaid by first, a deposit containing organic remains in abun- 
dance, and second, a true glacial drift, has long been known ; and 
descriptions of the phenomena by Croll, Geikie, Belt and others, 
are within the reach of all — though Mr. Belt's ideas, relative to 
the deposit of the materials, differ from those of the first-named 
geologists in important particulars. 

These references will be sufficient to show that not only the 
formation here described as member number four, but the general 
succession of deposits in northeastern Iowa, are not peculiar to a 
limited area, but are co-extensive with glacial indications. 

As has been seen, there is some variation in the position of the 
forest bed or carbonaceous stratum, with relation to the bowlder 
clay or laminated till, causing an apparent discrepancy between 
sections taken at different localities. While it is found in Ohio 
to overlie the Erie clay and be clearly separable from it, np such 
distinction is observable in the counties here described. The 
inter-glacial formations of both insular and continental Europe 
are also in most cases quite distinct from both tills, though Mr. 
Geikie speaks of the reported finding of "bones" and " horns" in 
the lower member.^® The finding by Whittlesey, also, of the bones 
of Elephaa primigeniuSy with sticks and leaves, clearly above the 
blue clay at Cleveland j'^^ and in other instances in the same 
member {when it was distinctly stratified — see sections pp. 12, 13), 
would seem to indicate that the proper stratigraphical position of 

u Loo. cU., p. 877. 

*• Op, cit,t p. 239, et seq, 

" " Great Ice Age,»» p. 183. 

^ " Qlacial Drift/' etc., loo,, oU,, p. 8. 
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the forest bed is above the lower drift, bnt that in some cases the 
materials have been re-assorted by aqueons action and the organic 
remains submerged below or elevated above their true place. 
Hence, in northeastern Iowa where the lower till is thin, it has been 
generally so thoroughly modified and worked over, that wood may 
be found in any part of it or even in the gravel below it. The 
position of the carbonaceous stratum varies so much that I have 
not assigned any specific division to it in my sections. It is also 
noteworthy that when the lower till is stony, it is not laminated 
or clearly stratified, nor does it rest upon a pebbly stratum — the 
member number five of this paper. Thus it is in such cases iden- 
tical with the unmodified bowlder clay of other localities. This 
would indicate that this deposit may or may not be modified — a 
conclusion already arrived at indeed by Dr. Newberry, induced by 
the laminated and pebbly character of the upper and lower mem- 
bers respectively of the Erie clay in Ohio. The occurrence of 
this member in Ohio, Indiana, Missouri, and Kentucky, without 
the supraposition of member number three, as in Iowa, Wisconsin, 
and northern Illinois, would also indicate that its range southward 
is greater. 

The origin of the five members described, beginning with the 
lowest, may be provisionally attributed to the following agen- 
cies: — ^2 

An unbroken ice-sheet extended over the greater part of the 
northern hemisphere north of about latitude 40'' N., and in its 
southerly motion ground the surfaces of the older rocks and re- 
duced their upper strata to bowlders, pebbles, coarse gravel, fine 
gravel, sand, and impalpable powder. These were deposited below 
its base in depressions of the surface, and at its margin as it 
retreated northward. Where there were aqueous currents these 
materials were deposited to some extent in the order of their 
fineness — the coarser and heavier near the bottom with but little 
arrangement, and the lighter near the top, where, being subjected 
to the action of the glacial fioods, they were still further re- 

^ That any explanation of drift phenomena can only be proyiBional is obvions, when 
we remember that there is the widest difference of opinion among competent geologists 
as to the agencies producing kameSt glacial striae, and even the drift itself; and as that 
here offered introduces a new element, it must, a fortiori, be looked upon as liable to 
require modification or abandonment, though it seems to accord ftilly with the facts as 
observed. 



BT W. J. MCGEE. 225 

arranged. Thus we have at the base of the glacial deposits a coarse 
pebbly clay containing bowlders (member number five) overlaid by 
a fine clay frequently laminated and stratified (member number 
four). Where the total thickness of this glacial deposit is great, 
as in Ohio, we find a thick stratum of bowlder clay overlaid by an 
equally thick stratum of finely comminuted and horizontally lami- 
nated materials. Where there were no powerful aqueous currents 
accompanying the grinding up of the rocks, the materials were 
laid down indiscriminately mixed, and with little or no stratifica- 
tion, forming the typical bowlder clay. During the final melting 
and disappearance of the glacier, when the greater part of the 
surface was acted upon by powerful currents of water, further 
assortment and stratification of the materials probably took place, 
together with the formation in some places of kames and eskers. 
This will explain the irregularities in surface and stratification 
sometimes exhibited in the blue clay, as attested by the sections 
of Whittlesey, Newberry, and Geikie.^^ Previous to this glacier, 
outcrops of hornblendic rocks, syenite, diorite, and porphyry, 
probably existed associated with or overlying the granitic strata of 
Minnesota, the material from which was all carried away and dis- 
tributed over the surface far to the southward, where it now 
occurs as bowlders and pebbles, nearly always much worn and 
sometimes striated. After the final retreat of the glacier, the 
rivers and streamlets eroded their valleys afresh, and the 
topography assumed nearly its previous aspect. 

Next ensued a period of mild cllmatal conditions which must have 
been of immense duration, during which a luxuriant flora covered 
the surface, and a characteristic fauna was developed. Where the 
surface deposits were thin, they were almost wholly metamorphosed 
by the reconversion of their elements due to the action of vegeta- 
tion, and a layer of vegetable huinus^ many times as thick as that 
now existing was spread over the surface. Indeed it is probable 
that the whole or nearly the whole of the underlying drift was 
modified in color at least by the vegetable accumulations above. 
As before stated, the lower till owes its blue color to the presence 
of protoxide of iron. Now it was long ago shown by Dr. T. 
Sterry Hunt that the presence of decomposing vegetable matter 
is requisite to extract the iron from earth and rocks, after which it 

4s Whittlesey, loc, cU.t p. 12, et seq. Newberry, loo, cU., pp. 24, 35-36. Geikie. loo, cU, 
pp. 138-140, 164, 169. 

A. A. A. s., VOL. xxvn. 15 



226 SUPERFICIAL FORMATIONS IN NORTHEASTERN IOWA. 

is deposited as an oxide. The bog-ore found in the forest bed 
undoubtedly owes its origin to such agencies; and it is highly 
probable that the prevailing color of the till is due to the same 
causes. Beds of peat were formed abundantly and of great thick- 
ness ; and the mammals whose remains have been preserved were 
of elephantine proportions. These facts, with the almost tropical 
luxuriance of the forests, attest a mild climate and favorable 
conditions to the production of vegetable and animal life. The 
close of this vast non-glacial period was characterized by the 
presence in great numbers of individuals representing the species 
Mastodon Americanua, Elephaa primigenius, Bison latifrons^ 
Castoroides ohioensis^ Equus major ^ Bootherium cavifrons^ Dicotyles 
compressus, and their contemporaries, and of a great profusion of 
forest trees quite similar to. those forming the forests of to-day. 
These, with the vegetable humus and accompanying peat-beds, 
constitute the American forest bed. In Europe were formed 
synchronously the peat-beds and buried forests of Switzerland, 
Scandinavia, and Great Britain ; and the dense forests were the 
resort of the* hairy mammoth, the woolly rhinoceros, the urus, the 
great Irish stag, the cave bear, and paleolithic man.^^ 

The last glacier then advanced, and in its progress removed 
from many localities the accumulations of the previous period, 
and modified them to a greater or less extent in all places. Some- 
times the weight and impetus of the mass contorted and 
pressed out of place the strata of the lower till, as in the section 
shown in figure 2 and in the analogous sections cited from Geikie, 
without entirely removing them. From the surface of this 
member, as well as from the exposed outcrops of sedimentary 
rocks (and it is not impossible that the great pressure and low 
temperature to which the earthy materials were subjected, would 
render them more resistant to the action of the glacier than even 
the harder rocks) a mass of detritus was gathered and carried 
along by the glacier ; and the accompanying fioods re-arranged still 
further the lower till, sometimes mixing slightly the materials of 

** There can no longer be any doubt as regards the contemporaneity of man and 
these extinct mammals in Europe. Some decisive cases are recorded by Dr. R. H. 
Tieddeman in NcUure for Oct. 5th, 1877. There are still doubts as to the pre-glacial 
age of man on this side of the Atlantic, notwithstanding the seemingly conclusive evi- 
dence afforded notably by the finding of rough stone implements in the drift of New 
Jersey, by Dr. G. C. Abbott, and of a human cranium in the auriferous gravel of Table 
Mountain, California, by Mr. C. F. Winslow. Further evidence to the same effect ifl 
also on record. 
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both. The fragments of wood, and the accompanying teeth and 
bones were sometimes shifted in position, and placed above or 
below their proper place at or near the surface of the lower till. 
As before, bowlders of northern rocks were brought down and 
scattered over the surface and through the later drift ; but where 
the lower till was not removed these bowlders would not exhibit 
strise. Neither would striated surfaces be found in such locali- 
ties, unless they belonged to the epoch of the lower till — an epoch 
too remote to permit of their preservation. Karnes and eskers 
were formed by the action of the superficial rivers occasioned by 
the melting of the surface of the ice-sheet, and ultra-glacial rivers 
assorted and re-arranged the materials near the surface ; and the 
unmodified and slightly modified drift was formed. This glacier 
did not extend as far southward as the last, leaving a belt of 
lower till uncovered, or buried only beneath the finer materials 
borne towards the Gulf by broad and sluggish rivers. Here the 
surface accumulations of the preceding warmer period were simply 
buried in their place, and retained their true position relative to 
the lower till ; but the fine alluvial material covering them is not 
a true glacial drift, such as is found farther to the northward. 
Kivers from the melting ice-sheet eroded the surface afresh as the 
temperature increased, and once more the topography assumed 
approximately its pre-glacial aspect. Member number three now 
formed the surface. 

Again a slight advance of the glacier took place, and the strong 
current of its rivers transported a quantity of detritus that the 
slower currents of the larger streams, which had but little fall, 
could not carry away, and their channels became silted up. Basins 
were thus formed along and near rivers having not a rapid descent, 
and after a slight disturbance of the surface, finely comminuted 
materials held in solution by the waters, gradually became sepa- 
rated and sank to the bottom. During the first increased action 
of the rivers the finer debris was carried away and the coarser 
remained ; and it forms the member number two of this paper. 
Then the finer materials were spread over the same surfaces as 
they dropped from the waters filling the basins, forming the last 
of the surface deposits — the member number one of this memoir. 
During and after the final retreat of the glacier erosion pro- 
gressed, and the surface gradually assumed its present outline. 

A sufiScient mass of facts bearing on the character of the forest 
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bed with its fawna and flora has been accumulated through the 
efforts of various observers, to provisionally determine the true 
place of the epoch which they represent in the geological scale. 

It must be premised that only during an immensely long period 
could so vast an accumulation of vegetable matter as that forming 
the forest bed have taken place; and we have the authority of 
Dr. Newberry and other distinguished geologists for the statement, 
that the forest bed proper is found only above the lower till. As 
we have seen this is universal except in cases where there are the 
best of reasons for inferring that re-arrangement has occurred 
since the formation of that stratum. Hence, not only the develop- 
ment of an exceedingly rich and luxuriant flxyra and its extension 
over the baiTcn plains of a freshly glaciated hemisphere, but the 
development — including without doubt the evolution from the 
lower forms of a preceding eon — of a characteristic fauna, must 
have taken place within this period. And it is probable that the 
same period embraces more nearly the whole of the mastodon 
epoch than is generally supposed. Prof. Hall has shown ^ that 
both the Cohoes and Warren (Newberg) mastodons must have been 
of pre-glacial or inter-glacial age, as well as the remains found at 
Big Bone Lick, in Kentucky, — in fact he mentions two specimens 
of mastodon tusk from the latter locality, which clearly exhibit gla- 
cial markings, similar to those of drift bowlders. It is a noticeable 
fact, also, that skeletons of these animals when at all perfect, or in 
which the members occupy their natural positions, are almost in- 
variably found in swamps or morasses in which it is usually sup- 
posed the creatures were mired and suffocated, — the improbability of 
which is insisted on by Prof. Hall. Now the lower till is frequently 
almost impervious to water, as has already been mentioned, and 
when the later deposits have been removed by denudation, a 
swampy depression may be formed, with small springs seeping 
into it from its margins. Such morasses are not at all uncommon. 
Should a mastodon skeleton be found in such a slough, especially 
if surrounded by peaty matter with mouldering fragments of wood 
— and this is the usual environment when mastodon remains are 
found — it wonld in nine cases out of ten be recorded as of post- 
glacial age, even though associated directly with inter-glacial 
debris and entombed within the lower till. And if the locality 
were a valley and the remains had been removed and the materiala 

«• ''Slst Annnal Report of the New York State Cabinet,** p. 108, e< «eg. 
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surrounding it assorted by moving water, the *'find" would be 
credited to the alluvion, and also considered recent. Such mis- 
apprehensions have undoubtedly occurred. While, therefore, it 
could not be postulated that the mastodon became extinct before 
or during the last glacier, we may assume with Prof. Hall that its 
remains have been rarely if ever deposited under such conditions 
as to be preserved, since that cataclysm. The presence of unique 
genera (as compared with those of earlier time) suggests a long 
period of development. Favorable climatal and other conditions 
during many generations are requisite, according to the principles 
of natural selection, to form and render permanent the wider 
differences in any class, while specific differences may be due to 
sudden alterations in environment not great enough to work imme- 
diate destruction and extinction. Liebig estimated that the time 
required for the formation of the peat-beds at Diirnten, Utznach, 
and Morschwyl, Switzerland, now transformed into lignite, must 
have been 9600 years.*^ If reasonable allowance is made for the 
time employed in the retreat of the glacier and for the acclimatiza- 
tion and spread of the inter-glacial vegetation, it will be seen that 
one of the inter-glacial periods of CroU would be too short to 
permit of such an accumulation of vegetation. These considera- 
tions strengthen the conviction that the forest bed epoch was one 
of immense duration. 

There cannot be the slightest doubt that the greater part of the 
land surface of the northern hemisphere occupied nearly its 
present position and preserved nearly its present level with rela- 
tion to the sea, and there is the strongest a priori probability that 
it was the habitat of a terrestrial fauna and JU)ra^ during the 
Pliocene period ; and the consideration of the palseontological 
relations of both the plants and vertebrated animals of the forest 
bed, shows that there is a close afl^nity between them and those of 
the Pliocene. The provisional assumption, therefore, that the 
forest bed represents the close of the Pliocene period, need not 
be considered wholly unwarrantable. The earlier part of this 
period is undoubtedly represented by the Loup River Group of 
Prof. Hayden, which contains fossil remains of camels, elephants, 
rhinoceroses, horses, etc. The Loup River formations are unques- 
tionably of lacustral origin, and may have been deposited shortly 
after the retreat of a glacier, just as the loess of Dakota, Ne- 

M Vide " Climate and Time," p. 241. 
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braska, and western Iowa was laid down in nearly the same region 
at the close of the later glacier. Thus a glacier may have been 
the cataclysm that separated the Miocene from the Pliocene, as 
well as the Pliocene from the present — the first of the two forming 
the lower till, and the second the upper drift. The intercalated 
fossiliferous stratum found in the drift throughout the northern 
hemisphere may, therefore, be the exact equivalent of the marine 
Pliocene beds deposited where the surface was submerged. 

As has already been intimated, CroU considers the fossiliferous 
beds intercalated within the drift of Great Britain, to represent 
only those comparatively brief warm periods occurring during any 
era of great eccentricity of the earth's orbit and consequent gla- 
ciation of the two hemispheres altemattely as the revolution of the 
apsides progresses. Such warm periods would occur to either 
hemisphere when its pole was directed towards the sun while the 
earth was in aphelion. But, as just suggested, such a warm period 
would be too brief to answer the requirements of the forest bed 
epoch ; though during these the thinner carbonaceous deposits 
above the " Cromer Forest Bed " and the forest bed proper at some 
other localities may have been formed. CroU's interpretation of 
geological and physical facts also causes a break in geological 
history, the Pliocene period being necessarily considered either to 
have been deficient in terrestrial life, or to have had all traces of 
its fauna completely obliterated. Obviously, however, Croll's 
determination of the times of the last glaciers is equally applica- 
ble if the sequence here suggested is correct. This geologist and 
physicist has shown in "Climate and Time" (partly through the 
use of Mr. StockwelFs calculations) that periods of great eccen- 
tricity of the terrestrial orbit occurred 210,000 and 850,000 years 
ago respectively ; and the complicated chain of physical agencies 
by which continental glaciation is effected during such periods, is 
unravelled and the glacier-forming processes elucidated in the 
same connection. The most recent of these he believes (in oppo- 
sition to the Lyellian school, according to which the ice-age was 
much more remote. Sir Charles himself having been inclined to 
believe that the most recent glaciation took place concurrently 
with the earlier eccentricity) to have occasioned the last glacier, 
and the more remote of the two, a glacier of the Miocene. It is 
not improbable, however, that this last occurred at the end of the 
Miocene, and, closing that epoch, inaugurated the Pliocene. 
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This interpretation will allow of sufficient time to explain all 
phenomena of the Pliocene and of the probably equivalent forest 
bed epoch ; and it harmonizes perfectly with the ablest eflPort of 
recent years to establish a correspondence between the geological 
record and the physical history of our planet. One striking 
coincidence — if nothing more — is observable between CroU's 
theories and the historic sequence here advocated. During the 
maximum eccentricity of 850,000 ago the glacial conditions were 
more favorable than at any time during the last era of great ec- 
centricity. In the first period the excess of winter over summer 
in days in the glaciated hemisphere was 34*7 ; while in the most 
recent the excess was only 26* 7 — a difference of eight days, or 
more than 33 per cent. Hence, according to theory, the ice-sheet 
must have reached much nearer to the equator during the first of 
these periods than during the last. Now as imperfectly shown in 
this paper and more fully in the works cited, the drift supposed to 
be of the anterior glacier extends many miles farther southward 
than that attributed to the recent glacier ; and it is to this more 
southerly distribution of the lower till than the superincumbent 
drift that the apparent confusion in regard to the stratigraphical 
position of the forest bed is to be ascribed. 



Righthofen's Theory of the Loess, in the Light of the 
Deposits of the Missouri. By J. E. Todd, of Tabor, Iowa. 

In reading the descriptions of the Chinese Loess, derived from 
Baron von Richthofen's great work, one in western Iowa wonders 
at the close resemblances to his own region. The same language 
might be used to describe it, word for word, sentence for sentence, 
except that a few diminutives must be thrown in when altitudes 
are given. 

Of the surface features, we have his canons and chasms in our 
ravines and "break-offs." Instead of "hundreds of feet" in 
depth, they are rarely over forty feet deep. They present the 
same phenomena of erosion. We sometimes see the "rock of 
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earth steeper than any rock of stone," snrmonnted with solid 
stmctnres which do not find their confidence misplaced. 

Taking the whole Missoori vallej, we have the formation at 
widely varying altitudes, from aboat 3000 feet on the North Platte 
down to the level of the sea. 

We have the same rapid erosion by surface waters and winds. 
In early years Indian trails rapidly grew into gullies, and cases 
may be shown where roads have sunk from such cause six feet in 
a dozen years. Given the time, and the depth of the Chinese 
Loess, and we might match the Chinese roads which he menti<»is, 
as having sunk in gorges 100 feet deep. 

It should be stated here that, owing to the relative shallowness 
of the Missouri Loess, the ravines and canons which were proba- 
bly a characteristic feature centuries ago, have dwindled from their 
former size, since the principal streams have reached the firmer 
underlying formations. In China they still form the prominent 
feature. 

Looking more closely at the structure of the deposit, we find the 
same minute vertical tubes inosculating at acute angles, to which 
he calls attention in the Chinese Loess. They are likewise fre- 
quently lined or filled with calcareous matter. 

The Loess of western Iowa presents the same common absence 
of stratification, and has the same vertical cleavage and under- 
drainage. It has the same lines of calcareous concretions, which 
lines are usually horizontal. The concretions, moreover, are often 
elongated, with their longer dimension vertical. 

We have the same yellow earth, and the Missouri, or "Mud 
River," is very closely the counterpart in color, of its cousin, the 
Hoang-Ho, or "Yellow River." 

It seems, therefore, not unreasonable to interpret and test von 
Richthofen's deductions from the Loess of China, by the light of 
the deposits of the Missouri valley. Certainly we may do this, 
when he extends his theory to this very region itself, in common 
with others. 

VoD Richthofen's theory, as we learn it from the various reviews 
of bis work, is briefly this: that loess, certainly in China and 
probably in all continents, is a sub-aerial deposit collected on dry 
grassy areas by the action of fierce winds. For the formation of 
such a region, he supposes a central undrained elevated area, from 
which nearly all moisture is excluded by surrounding mountain 
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chains. The central plateaus of Asia are, at present, the nearest 
approach to his ideal. 

His novel conclusion that it is of sub-aerial origin is based upon 
four things : — ' 

1. The consjbant occurrence, throughout the formation, of deli- 
cate elongated cavities, such as are formed by the rootlets of 
plants. 

2. The occurrence of innumerable land-shells, and bones of 
land animals, but no traces of fresh water or marine life. 

3. The entire absence of stratification. 

4. The occurrence of the deposit at very widely varying alti- 
tudes. 

Let us consider these points in reverse order, taking up first the 
least questioned and least significant. 

I. The occurrence of the Loess, at widely varying altitudes, is 
as true in America as Asia, the limits corresponding closely with 
the average altitudes of the respective continents. This, however, 
is no more than can be said of any unquestionably aqueous forma- 
tion, like the Potsdam or Cretaceous. , If reference is made, 
however, to a very peculiar character of the Loess, viz., its ap- 
proximately uniform depth on hill-top or hill-side, this is quite as 
explicable by a sub-aqueous theory as by a sub-aerial. The Loess 
in southwestern Iowa and Nebraska overlies older formations very 
much like a great blanket. This has led to frequent over-estimates 
of its thickness. The vertical distance from its lowest point in 
the sides of a valley to the top of an adjacent hill, for example, 
is far from being the true thickness, because the Drift, and even 
the Carboniferous sometimes rises up within a few feet of the top 
of the hill. This is supported by numerous observations in rail- 
road cuts and wells. It is shown, therefore, that the same general 
configuration of surface has been preserved in this region from 
the close of the Glacial Period, or throughout the Loess epoch. 

This is easily explained by the usually received sub-aqueous 
theory, by supposing that the silt was deposited with some degree 
of uniformity, over the whole bottom of old Lake Missouri ; that, 
before the inequalities of its bottom had been smoothed over by 
complete filling to the water level, the lake was drained, and 
streams followed the same channels as before, except that they 
were two or three hundred feet higher. 
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If, on the other hand, the deposit had accumulated by the action 
of winds, it is not only a little difficult to see how there could have 
been any considerable deposition upon the hill-tops of the Drift, 
but more difficult to see why it would not have accumulated so 
rapidly in the lee of higher elevations and so filled up valleys in 
such positions that streams could not have generally found their 
original courses. 

Before leaving this point it is interesting to note that the Baron, 
though assuming that relative elevations were not much changed 
during the Post-pleiocene, yet to account for the recent drainage 
of his central areas, supposes a depression of the seaward side, 
which is the same and only change in relative elevation which the 
sub-aqueous theory postulates. His theory assumes, however, a 
greater absolute elevation as before stated. This furnishes an 
objection very serious in the case of China, while with American 
deposits it is apparently fatal to his theory. We fail, therefore, to 
see how widely varying altitudes, whichever way we interpret the 
expression, favor the sub-aerial theory. 

II. Of the absence of stratification in the Loess, which is the 
uniform statement of observers, using terms as they are applied 
to older formations, little need be said. 

Surely, the deposit is "massive" rather than "stratified," but 
nevertheless, to close observers, as has been frequently stated, it 
shows quite generally a lamination indicating its aqueous origin. 
Moreover, the differences in color and hardness, as is sometimes 
brought out by sub-aerial erosion, frequently over considerable 
areas, show a stratification so closely resembling that of ordinary 
sub-aqueous deposits, that, to say the least, the burden of proof 
lies on the other side. We simply say tKat either the Loess of 
China differs from our own in this respect, or the Baron does not 
use terms very exactly. 

III. The Loess of the Missouri does not differ from that of 
other regions in the general character of its fossils. Land shells 
greatly predominate, purely aquatic species are rare, the more so 
I think if careful discrimination is made between the true Loess 
and the modified. However, some semi-aquatic species, as 
Succineas and Helidnas are very abundant from top to bottom of 
the formation, and the decidedly aquatic Limnea humUis is quite 
abundant in the upper Loess of western Iowa. This is sufficient 
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to show that the formation, so far as this region is concerned, 
could not have been so dry as is called for by Richthofen's theory. 
Eren the land-shells observed, need a much moister region than 
our upland prairies in their present conditions. Some of them are 
not found at all, away from moist banks or groves. 

The obvious paucity of fresh water life, which seems at first 
view mysterious and perhaps irreconcilable with the usually re- 
ceived sub-aqueous theory, may be perfectly explained when we 
consider the vast size of the lake or lakes — its waters cold and 
supporting little vegetation, and its shores nearly destitute of 
rocks or pebbles, which seem almost essential to many fresh water 
mollusks. 

The small size of the Limneas and absence of PhysaSy in the 
latitude of Iowa, may be considered as indicating that the waters 
were cold, while the occurrence of numerous land-shells of species 
still inhabiting the region, indicates that the lands were more moist, 
with their temperature not differing greatly from the present. I 
think no one can study the life of the Missouri Loess without 
seeing that it bears, throughout, evidence of a moist climate, the 
very opposite of the Baron's ideal. 

FOSSILS FOUND IN THE LOESS OF S. W. IOWA. 

Byalina Binneyana Morse, common. 
*' fulva Drapamaud, common. 
" Uneaia Say, common. 
Eelix aUemata Say, common. 
** perapectiva Say, rare. 
" striateila Anthony, very common. 
** labarynthica Say, yery rare. 
** monodon Backett, very common. 
** var. Leaii, yery common. 
'* diveata Gould, rare. 
" multUineata Say, common. 
Cionella subcylindrica L., common. 
Pupa muscorum L., rare. 
" Blandii Morse, rare. 
" faUax Say, rare. 
" armifera Say, yery common. 
Vertigo Oouldii Binney, common. 
Succinea ovalis yar. De Campiil Tryon, common. 
*' Uneata Binn., common. 
«< avara Say, common. 

" yar., common. 

" obliqua Say, common. 
** yar. Oreerii Tryon, yery common. 
HeUcina oecuUa Say, yery common. 
Lpmnea humUia yar. parvot common : tipper. 
PomaiiopHs lapidaria Say ) . . , - *, j.i. j » 
Pton<,rjS<rt«oL.S»y f probably ftom Modlfled Loe.8. 
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PBOF. fl. AUOHBT 
RBPOBTS NOMB OF THB ABOYB DEFINITELT, BUT BBPORTS THB FOLLOWINO 

FBOH THB lfIDD£E I^ESS OF NEBBASKA. 

Helix Cumberlandiana L«a. 

** Mttbbardi Brown. 

" auriformU Bland. 

" tholual Binn. 

" /Mtigant Say. 

" JaekionUt Bland. 

« HazardiJ Bland. 

** DorfeuHUana Lea. 

'* puttulal Per. 

** tpinosa Lea. 

'* Edgariana Lea. 

** JRoemeri Pfeif. 
Bulimuhu detUbatus Say. 

FBOF. O. O. SWALLOW 
BEFOBTS FBOM LOESS OF IdSSOUBI. 

HeHxt 17 species. Lymnea, 8 species. 

Phyiih 8 " Planorbit, 4 " 

Pupa, 8 '< Swscineat 6 << 

Valvataf 1 •< .<lmnico2a, 1 ** 

miicina,! '< CycZa«, 1 *' 

IV. With reference to the occurrence of root-marks, unusual 
care is necessary to interpret observations correctly. A series of 
observations might be easily made which would seem to show that 
they are found with great uniformity from top to bottom of the 
formation. They may be found at the base of the formation ap- 
parently too far below the natural surface to be connected with 
recent plants. Plants grow so readily upon recent exposures of 
the deposit that marks may be found in very deep and recent 
excavations, and attributed to very ancient plants, which have been 
formed within the last five years. Guarding carefully against such 
mistakes, a careful examination of the Loess of the Missouri 
shows the following limitations to the constant occurrence of said 
root-marks. Observations have been greatly assisted during this 
season by the freshets providing many fresh vertical exposures in 
favorable localities. 

1. Boot-marks, as a rule roughly stated, may be said to vary in 
frequency inversely as their distance below the present surface. 
Near the surface besides being most abundant, larger ones are 
found. At the depth of thirty or forty feet they are very minute 
and rare. None have been found lower than about forty-five feet, 
although several favorable localities have been examined. 

^Beport of fhe tJ. S. Geological Sarrey of the Territories, for 1874. 
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2. The lower limit of root-marks is approximately parallel with 
the present surface. This is especially well shown in the deep 
cut through a bluff at Brownville, Nebraska. 

3. There are, moreover, certain bare cliffs of Loess in which no 
root-marks are found, at least not near the front surface, except in 
crevices. Apparently, the present surface of the cliff was shaped 
before vegetation began to grow upon it, and the elevated dry po- 
sition renders the front of the cliff too hard for roots to penetrate. 

4. Certain other portions of the Loess have also been observed 
at different depths, which have for some reason resisted the pene- 
tration of roots. They sometimes occur in extensive beds and near 
the surface, as may be seen in the bluffs near Council Bluffs, Iowa. 

These observations suggest and force the impression upon us 
that these root-marks are all connected with plants growing at or 
near the present surface ; provided we can believe that the roots 
of herbaceous plants — and we find no trace of tree roots on the 
prairies — ever go to the depth of forty feet. The surface has 
changed much since the present conditions have prevailed. In 
some cases the carbonized soil shows where a hollow has been 
filled twenty feet or more, while at other points the surface has 
been rapidly lowering. But these marks are found forty feet deep, 
where there is no such evidence of the surface rising. 

The whole force of the Baron's argument on this point is based 
upon the very plausible assumption that these root-marks could 
not have been formed by plants growing at the present surface. 
That, therefore, the surface must have risen while the plants were 
growing, or in short that the formation must have been sub-aerial. 
It readily appears that this point first suggested the sub-aerial 
theory to the Baron's mind. It becomes, therefore, a most inter- 
esting problem to discover the depth to which the roots of living 
plants penetrate this formation. The following table presents a 
few of the most characteristic and authentic observations which 
have been made by the writer the present season. 

All annuals and most perennials penetrate the Loess A:om 1 to 6 feet. 

Lygodeama juncea Don over 8 ** 

Poa priUenais li,, BlvLQ'grMBt 10 '* 

Kuhnia eupatorcddeM Jj overU " 

Hhtu glabra Jj.f Sumach '< 12 " 

Amorpha caneacena Nutt., Lead-plant, *' 16 ** 

Vemonia nova-boracentia Willd.j Iron-weedj " 17 ** 

SpartinacynoturoideaWUld.t^&rah'grMB, *' 20 " 

Grass? undetermined, " 21 *< 

-K2t*i»e«tt«i tow^a^ttfii Braun., Scouring BuBh, j JJJJf^®^* u 25 " 
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In all cases recorded above the rootlets have been living. Dead 
ones, still showing the woody fibre, have been found at lower 
depths. 

When we consider, therefore, that different plants habitually 
penetrate to greatly differing depths, and that further examination 
might discover some penetrating still deeper, or when we conceive 
of the effect which climate has upon this feature of vegetation, we 
find it comparatively easy to believe that the limit of forty-five 
feet, before mentioned, might be reached, either by plants now 
extinct in this region, or by the existing species under different 
climate. Observations in drier regions, or where the summers are 
drier, would be most interesting and instructive for comparison. ^ 

The distribution of root-marks, therefore, when rightly inter- 
. preted, opposes rather than supports Richthofen's theory. 

V. Other objections to the acceptance of this theory, at least 
for the Loess of the Missouri, other than those already mentioned 
or implied, may be briefly stated. 

1. The close resemblance of the formation to the present 
alluvial deposits of the Missouri, both in chemical and physical 
characters, cannot be easily reconciled with a sub-aerial origin, of 
which we should expect more of the finer — clayey, carbonaceous 
and calcareous — elements, and less of the silicious. 

2. The elevation of the seaward side of the Loess area for such 
an interminable age as would be necessary for accumulation by 
wind, and the degree of elevation sufllclent to keep out moisture, 
is clearly irreconcilable with the geology of surrounding regions, 
which has been reasonably well established for the Post-pleiocene. 

3. The inadequacy of the cause need not be dwelt upon. It is 
simply astounding, and only the more so, the more we attempt to 
supply the necessary adjuncts. We conclude, therefore, that Baron 
von Richthofen*s theory utterly fails when applied to the Loess of 
the Missouri. 

The features upon which it depends, although at first appearing 
promising, when carefully examined not only betray their insufiOl- 
ciency, but demand an opposite explanation. 

The formation, though not marine, shows distinctly the action of 
water. The root-marks, instead of being really throughout the 
formation are very clearly referrible to plants growing at or near 

* Prof. C. E. Bessey, of the Iowa Agricultural College, informs me that Lupinut 
arhortus is reported from California, as sending down its roots sixty to seventy feet, in 
the dry sand hills near the Qolden Gate. 
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the present surface. The fossils though mainly terrestrial are 
interspersed with amphibious and aquatic forms. 

Moreover, with reference to the Loess of China we may be al- 
lowed to speak briefly. When we consider how the features which 
led the Baron to his conclusion, although apparently equally prom- 
ising at first in the case of the American Loess, are when better 
seen found to face the other way; when we think of the vast 
depth of the Chinese Loess which renders the proposed explanation 
so much the more inadequate ; when we reflect upon our compara- 
tive ignorance of Asiatic geology; when we remember Prof. 
Pumpelly in his quite extended observation of the region saw 
nothing inconsistent with a lacustral origin, we may express our 
confident expectation that ere long Richthofen's theory will be 
shown utterly inadequate to explain the formation which first 
suggested it. . Even now we probably express the opinion of many 
students of the Loess, when we say that the sub-aerial theory has 
received attention and consideration, mainly because of the bold- 
ness and novelty of its conception, and the high rank and well- 
deserved reputation of its author, rather than on account of its 
real merits. 



Ancient Glacial Action, BTelly's Island, Lake Erie. By 
Chas. Whittlesey, of Cleveland, Ohio. 

In September, 1873, 1 visited Kelly's Island in Lake Erie, for 
the purpose of examining the great ice grooves for which it is 
remarkable, especially those at the quarries ©n the north side. 

Kelly's Island is one of a group situated near the west end of 
the lake in shallow water, all of them of limestone, in nearly hori- 
zontal beds. None rise many feet above the water level. 

They formed originally a part of the mainland on the south, and 
of the low coast to the west. Probably all of the lake, west of 
Point Pellee, in the pre-glacial period, was more land than water. 
Instead of a lake with islands, it must have been country with 
lakes, rivers and swamps. 
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Wherever the rocks are laid bare, the evidences of ice action 
are universal and very marked. In Sandusky city many of the 
cellar bottoms show polished, grooved and striated surfaces of 
rock. 

Arotin<l the islands, and along the shore, wherever the waves 
have carried away the drift hard pan covering the rocks, large 
spaces lire laid bare, and the grooves and strife are seen, as IVesh 
as those beneath the present glaciers of the Alps. 

A very convenient place to observe them is at the southeast 
corner of Kelly's Island, about a mile east of the Island House. 
Here the rock is very smooth and level, and the lines are remarka- 
bly straight. A sample of this glaciation embracing a length of 
300 feet is here given. 

riF.i. 



The bearing of the straightcst and best defined lines is S. 75° 
west, wilb slighter ones crossing these at N. 80° west, magnetic. 
There were a few straight grooves observed, bearing N. 25° west. 
These lines show a slow direct motion to the west, with short 
changes of direction, sometimes quite sudden, after which the 
original course was reeumcd, as at a. Fig. 1. In size they are 
fVom a mere line to a depth of an inch, with a variable breadth 
seldom gi'c.tter than twice the depth. Such furrows are no doubt 
due to stones held firmly in the ice as it progressed. At b, a new 
groove commenced and another termiuated. These stones are 
abundant in the hard pan, showing flat and striated facets, where 
they came in contact with the rock. Smaller lines and polished 
surfaces are due to the joint action of gravel, sand and ice. 

This long- continued movement of many centuries' duration, 
along the axis of the lake from a northeasterly direction, cut away 
new channels between the islands, and ground down their surfaces. 
On their easterly sides the polished surfaces extend beneath the 
water. As the mainland rises from the coast towards the interior, 
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they are found at all elevations, to 700 and 800 feet above the lake. 
The thickness of the ice mass, must have been at least 1500 feet. 
This slow but resistless motion, crushed and transported the soft 
shales of the lake basin, and materially wore away the harder sand- 
stone and limestone strata, south and west of the lake. 

By this means the face of the country was rendered less rugged 
than it had been in the pre-glacial period. The summits were 
rounded, and the valleys filled with the debris. 

Across the north side of Kelly's Island is a limestone ridge, 
which came near being separated from the southerly part and 
left in the form of a long rocky islet. 

The ice movement passed over it lengthwise, striking it at the 
northeast end, where the dock and quarries of the Calkins Lime 
Company now are. This projecting buttress was scarred, crushed, 
pulverized, and partially torn away. 

The evidences of this are still distinct wherever the rock is laid 
bare. South of the ridge is a long depression parallel with it, 
which is largely due to the erosive power of the all-pervading 
glacier. It is now a rich valley in the form of a bay, but little 
above lake level, covered with vineyards. The Island embraces 
less than 3000 acres of surface, of which this is the most valuable 
part for agricultural purposes. 

On the sloping sides of the ridge, the rock is polished and 
grooved in the same manner as on the flat surfaces. Long troughs, 
Qt^raight, crooked and warped, are thus scalloped out, many feet 
wide and deep, extending htindreds of feet in length. 

The results of this action around Quarry Point, I propose to 
illustrate with some detail. 

Mr. John Deauj the company's agent at the quarry, has taken 
an interest in the bold ice lines, exposed as the work of quarrying 
progressed. By his care, with the advice of company, he pre- 
served the most remarkable of them for a considerable period. 

Everything was thus in fine condition for examination. It was 
&lso arranged that photographs should be taken at several points. 

This was afterwards done with good taste and judgment, by 
Mr. A. C. Piatt, an artist of Sandusky. A coup d'cBil sketch of 
the shore and quarry is here given. 

A. A. A. s.y VOL. xxvn. 16 



'Ian of Qtinrrr nnU Landing— bchIb lOradi to the Inch, tn, quarry of IBTS; n, old qnurj; 
BscDt ilock »nd limdiNK; 9. Kellj-'a old duck. Uestroyed; A, large groois. ■Inight: B, 
lerlr groove, croaked; p. ibu anguliir stone* oi' ttie old daek iMcame peliblea hysuiiHoB; 
.bare gluciated Burtkce putnlug beneath the drift A j o, point where the traelng Fig. 9 wai 
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A few viewa and profiles are given to represent phenomena vhich 
are so rare in the hiBtory of glaciation that I have never se«n 
another instance precisely like them. The cut (Fig. 3), represent- 
iDg tlie strise on a large flat surface at o, is from a tracing upon 
muslin, taken by Mr. Dean and myself, size of nature, six feet by 
eleven, and photographed to one twenty-fourth of nature. 

Frofiles of the two largest and most singular grooves, A and B, 
of the coup d'<Bil sketch, are given in Figs. 1 and 5, much enlarged. 



c d, Fig. 6, looking weal. .<1, aauUuil; gniove ; £, norttierl; groove. 




There is nothing unusual about the most southerly one A A, 
except its size. It is straight, broad and deep, and its axis is 
Dearly east and west, parallel with the general course of the finer 
lines engraved everywhere on these rocks. 

More interest attaches to the northerly one, B B. It is very 
tortuous and irregular, both in width and depth ; and it is, there- 
fore, quite difficult to convey a correct idea of its appearance. 

The outlines of the horizontal plan, Fig. 6, represent the outer 
edges, where it is broadest. Mr. Flatt's photograph, which is re- 
produced in Fig. 7, gives a lifelike view of the upper or west end, 
where it is descending rapidly towards the east. 

On the hardest and least perishable part of the rock within the 
groove, there are very fine but dlsti^ict striee, like those on the flat 
rocks adjacent, plainly showing ice action ; but large portions of 
it are smooth, indicating that a part of the wearing process was 
due to water action. About sixty feet in length has been uncov- 
ered, of which something more than twenty feet was destroyed in 
working the old quarry. It can be traced across this excavation 
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Qftsterly, to a knob which is left standing a few feet high, where it is 
covered by drift. On the west, the prongs as they become smaller, 
are also filled Dp with loose drift materials h h. There are parts 
of it near the middle which are lower than either end, but there 
may have been in l^e old qaarry other branches towards the east, 
which were lower and have been destroyed. One of these probably 
came out on the bay, near the most southeriy part of the dock. 

For the purpose of showing the changes of form which this 
crooked and fluted groove exhibits, I give the Figs, i and 5, cross- 
sections. 

Fig. 5 is the flrst one on the east, and represents the wall .S' S, 
about twenty feet high, which bounds the old quarry n on the 
northwest. Here the trough B is broad and regular, but deeper 



, LasxUi, OTsrUOIbeti breadth, 6 to IS feet ; depth, 1 to 

than A. Three strata are visible : a thin flint bed ; next abov^ it 
the quicklime bed, which is the roost valuable ; aod above this to 
the surface, a stratum that does not make lime, but is shipped to 
the iron fhmaces for flux. Beneath, the rock is not worked. Over 
the whole was ori^ally a thin layer of drift hard pan, hh. In 
this profile the crooked groove B B, has been worn down into the 
quicklime bed. 

Profile Fig. 4, along the line c d, ttows quite an irregular section, 
the north wall being vertical or projecting over the channel, the 
bottom of which is double and in the form of offsets or benches. 

fig. 5 shows how it is separated into branches, a view of which 
is seen in the photograph (Fig. 7) taken from near tbe point e 
(Big. 6), looking Boothwest. Here the ends o[ all the channels. 
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nhich converge at e, are closed with drift h A, and cannot be fol- 
lowed to the extremities. 

From inspection it is evident that the sinnous groove BB,i9 
due in part to the dissolving action of running water flowing out 
beneath an ice-cover. This flow is known to tube place beneath 

FIg.T. 



Upper End of Ice Oroove B, Kellej'e Iiland, looking Sootbwegt. 

all glaciers. It Is muddy or gritty, according to the rock over 
which the movement takes place ; sometimes carrying out gravel 
and small stones. The erosive effect of such streams is increased 
by pressure into the channel ; the ice not being entirely rigid, but 
capable of being bent, to Qt the depressions beneath it. 
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The Ibok Oheb of Alabama, with Special Bbfeeekcb to 
THEiB Geological BelatA)N8. By Eugehb A. Smith, 
of Tuscaloosa, Alabama. 

Metamorphic Ores. 

The question of the age of the metamorphic rocks of Alabama 
is still an open one, though in a few instances there is very little 
room for doubt that they are metamorphosed Silurian beds. 

For the purposes. of this paper it will be more convenient to 
treat of the ores of this region separately, without any reference 
to the age of the deposits in which they are found. 

These ores are Magnetite, Titaniferous Magnetite, Hematite, 
Menaccanite, Limonite and Pyrite. 

Magnetite. This is, next to Limonite, the most abundant ore in 
the region under consideration. Fragments of large size of granu- 
lar magnetite, indicating a vein or bed of considerable thickness, 
have been found in Clay county. The bed itself has not yet been 
discovered. An analysis of this ore shows comparatively little 
phosphorus. (See Geolog. Report for 1874, p. 59.) In Coosa 
county and elsewhere, the magnetite is frequently met in masses 
showing crystalline faces of considerable size. In Bandolph, 
Cleburne, etc., a slaty magnetite is not uncommon. 

Titaniferous Magnetite. One specimen of this ore from Cham- 
bers county, where it is found rather abundantly, has been ana- 
lyzed by Prof. Mallet. (Tuomey's 2d Report, p. 198.) 

Hematite,, in scales impregnating other rocks, may be found in 
very many localities in Coosa, Clay, Tallapoosa, and other coun- 
ties ; but no hematite in quantity has yet been observed. 

Menaccanite or titanic iron^ like the above, is known principally 
as an accessory ingredient in some of the rocks of this region. 
Particularly may be mentioned an arenaceous schist with flattened 
masses of this mineral occurring in Coosa and Clay counties. In 
Coosa county titanic iron seems to be rather common in some 
localities, in rounded, apparently water-worn fragments of consid- 
erable size. 

Livionite is much more abundant than any of the ores above 
mentioned. In most cases these limonites appear to be ^' gossans," 
i. e.y the result of decomposition of beds of pyritous ores. In 
Coosa, Clay, Tallapoosa, Randolph and Cleburne counties, beds of 
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this character of great extent miperfidaUy^ but of unknown depth, 
have been examined. In many instances these ores appear to be 
rather mixtures of turgite with limonitc, than pure limonites. An 
analysis of a sample of ore of this nature, gave me 9*79 water, 
•76 phosphoric acid, '61 sulphur, and 83-13 ferric oxide. Powder 
dark red. 

Accumulations of limonite, resembling those of the non- 
metamorphosed Silurian beds, are quite common, especially asso- 
ciated with hornblendic rocks. The occurrence of compact, some- 
times rounded or rolled fragments of limonite embedded in a deep 
red colored soil, in many places in the metamorphic region, reminds 
one forcibly of similar occurrences in the Quebec formation, to be 
mentioned farther on. 

These beds have been comparatively little used, probably on 
account of their inaccessibility. In one place in Clay county, ore 
of this character was largely used some years ago in a Catalan 
forge. 

Pyrite, Although pyrite can hardly be classed with the ores 
which are much used for the production of iron, yet on account of 
the occurrence of large beds in Clay county, of nearly pure pyrite, 
and in Cleburne county, of cupriferous pyrite, it deserves notice. 
Besides the localities mentioned, beds of pyrite as yet unexplored, 
have come under notice in many other places. 

Silurian Ores. 

The ores of this formation are chiefly limonites, and lenticular 
and fossiliferous red ores. Other ores of more limited occurrence 
will be noted below. 

1. Potsdam Sandstone. This rock contains frequently large 
amounts of iron, principally as limonite which appears as a super- 
ficial coating on exposed surfaces, or as small deposits filling the 
spaces between detached fragments of the sandstone. 

Occasionally, the limonite is found in good specimens with 
botryoidal surfaces and radiately fibrous structure. 

As a locality, the mountain west of Talladega may be mentioned. 

In the Kahatchee hills in Talladega county, which are in good 
part made up of Potsdam sandstone, in places partially metamor- 
phosed, we find the iron which impregnates the sandstone appear- 
ing as specular ore or as ma>gnetite> Slaty masses of this half 
metamorphosed sandstone, impregnated with magnetite to such an 
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extent as to exhibit very strong magnetic polarity, are common 
tiiroughout these hills in the southern part of Talladega coanty. 
The specular ore is found in small quantities upon the sandstone, 
as flattened masses or scales. 

2. Calciferoua. Knox Sandstone. This, as a formation, is 
more or less ferruginous throughout, and small beds of limonite 
similar to those of the succeeding formation have been observed. 

8. Quebec. Knox SJicUes and Knox Dolomite. The lower sub- 
division or Skale^ like the sandstone just described, is ferruginous 
throughout, and local beds of limonite are not uncommon ; but it 
is in the upper division or Dolomite that the great mass of the 
limonite of Alabama is to be found. 

This Dolomite is the most massive calcareous formation in the 
state, and associated with it wherever it appears on a surface 
formation (viz., over the greater part of the area marked Silurian 
on the geological map), are accumulations of limonite in beds, 
pockets and isolated masses, embedded usually in red, sandy clay. 

The ore is of concretionary nature, and geodes are often found 
which are lined inside with mammillary and botryoidal surfaces, 
with velvety goethite, etc. The solid masses are sometimes com- 
pact, breaking with more or less conchoidal fracture, liver brown 
in color; sometimes fibrous; sometimes made up of cylindrical 
columns of radiately fibrous structure ; the outer surfaces being 
often coated with a dark, or nearly black glaze. 

Whilst the masses of ore are usually embedded in a reddish, 
sandy clay, they sometimes appear covering the entire surface 
of hillocks, which seem to be made up altogether of ore. In the 
vicinity of the large accumulations of ore, the deep red colored 
soil is often paitially covered with rounded solid fragments of 
limonite, like pebbles ; and these limonite pebbles, where exposures 
are made by gullies, are seen embedded in the red clay to some 
depth, as wash ore. 

Pix)f. Frederick Prime, jr., of the Pennsylvania Geological Sur- 
vey, in describing the ores of the same geological horizon in 
Pennsylvania, distinguishes between those which occur in place 
and those which have been washed into depressions in the lime- 
stones, the former being almost invariably associated with damoa- 
rite slates or clays. 

In this state, whilst clays similar to those formed by the decom- 
position of the damoorite slates of Prof. Prime are abundant in 
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most of our ore banks, the study of these deposits has not been 
pushed so far as in Pennsylvania, so thiLt it is at the present time 
impossible to say in what localities the ore is in place and in what 
localities it has been moved. Prof. Prime says *'A marked 
peculiarity with respect to the occurrence of brown hematite ore 
in the damourite slates or clays, is the lack of uniformity with 
which it is distributed. What seems to be a solid bank of ore 
may at a depth of two or three feet be replaced by clay or slate 
containing no ore whatever. The miner can have no clew as to 
what may be six inches in front of his pick." If there be such 
uncertainty in the distribution of the ore in place, the uncertainty 
is still greater in the case of ores which have been washed into 
cavities in limestone. 

In the ore deposits of the Quebec Dolomite, in Alabama, it is 
difiScult, if not impossible, to discover anything like stratification 
in the masses of ore, and it is almost equally difficult to trace any 
connection between the distribution of the ore banks and the 
stratification of the formation with which they are associated, 
beyond the fact that they follow in general the outcrop of the 
Dolomite, sometimes over one series of beds in this formation and 
sometimes over another. 

Source of the iron. There seems to be very little doubt that the 
limestones and chert of the Quebec Dolomite, and the Silicious 
group of the Sub-carboniferous formations, have by their disinte- 
gration furnished the iron ; for most of the ore occurs mingled 
with the sands, clays, broken masses of chert and other debris 
which have evidently come from the disintegration of cherty 
limestones. Nearly every hillock, upon the two formations men- 
tioned, shows more or less of iron ore as surface specimens, and 
many of the sandy clays have the deep red color due to the 
peroxide of iron. Where the iron has accumulated we have the 
ore banks. 

The exact mode of formation of these ores and of their accumu- 
lation in banks is still imperfectly known, and I desire to call 
attention to certain points of resemblance between the ferruginous 
rocks which characterize our Southern or Stratified Drift, and the 
ores of the Quebec and Sub-carboniferous formations, and to their 
intimate association in certain localities, in the hope that some 
light may be thrown upon doubtful points in the history of our ore 
deposits. 
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(1.) In many of the beds of clay of the Stratified Drift may 
be seen concretionary masses of limonite in process of formation. 
These clays are often mottled with irregular streaks of the iron 
oxide,- distributed throughout the whitish or bluish clay, just such 
an appearance as one would expect if the clay had been impreg- 
nated with iron, which gradually became concentrated in these 
irregularly-shaped bodies leaving the rest of the clay free from the 
iron ; or if the solution of iron, in penetrating the clay bed, had 
followed devious ways through it, and indurating, had thus formed 
these irregular limonite figures in the clay. So in the ore banks, 
it is not uncommon to find the sandy clays sometimes very little 
colored, and the iron almost entirely concentrated in the geodes, 
etc., of which mention has been made above. 

(2.) Any one familiar with the region of this state, which is 
covered with the Stratified Drift, cannot have failed to notice the 
large amount of iron contained in some parts of it, and showing 
itself as a cement holding together grains of sand and often 
pebbles of considerable size, in this way forming the ferruginous 
sandstones and conglomerates or pudding-stones, which are so 
abundant. Nearly every considerable hill in the Drift region will 
be found to owe its present height to a protecting cap of such 
ferruginous sandstone. The iron solution, in sinking through the 
loose sands, meets with some impervious stratum, is arrested, and 
the hydrated ferric oxide binds together the grains of sand and 
pebbles. The ferruginous sandstones thus formed have various 
shapes; plates, tubes, hollow spheres filled with sand or ochre, 
and other forms similar to the calcareous concretions known as 
Loess KindcJien, Occasionally, on these sandstones are noticed 
places where the cementing material (limonite) is nearly free 
from sand or other admixture, and thus forming a fair ore of iron. 
I know of only one locality in Alabama where the ore of the Drift 
has been utilized, viz., near Vernon in Lamar county. It seems 
usually to be too much a mixture of sand and hydrated ferric 
oxide, with a predominance of the former, to be of use. 

(3.) In the territory of the Quebec or Knox Dolomite, but only 
where this formation is partly covered with Drift, I have noticed 
occurrences which I mention here, on account of their bearing 
upon the question which we are considering. 

(a.) In Bibb county, on the property of the Ashby Iron Com- 
pany, are ore banks which lie adjacent to the Coal Measures. The 
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Knox Dolomite, over which the ore occurs, is separated by a fault 
from the Coal Measures, but the line of demarcation between the 
two is extremely diflScuft to draw, since both formations are par- 
tially hidden by the pebbles and sand of the Drift. 

Near the most westerly of these ore banks (t. e., that nearest 
the Coal Measures), a capping of ferruginous sandstone, and 
sometimes of a ferruginous conglomerate, similar to the ferrugi- 
nous rocks which are so characteristic of many of the hills of the 
Drift, is found covering the summits of hills of Carboniferous 
sandstone. Here, though the hills are mainly of sandstones of 
the Coal Measures, the superficial covering of pebbles and ferrugi* 
nous rocks is probably of much later date. 

However this may be, on one of the hills which has this capping 
of ferruginous sandstone or conglomerate, too silicious to be of 
value as an ore of iron, an improvement in the quality of the ore 
may easily be observed as one descends the hill, and about half 
way down the ore has been regularly worked. At this point the 
surface ore has frequently grains of sand, and in some cases, 
quartz pebbles enclosed in it ; but by excavating a few feet, very 
excellent qualities of ore, fibrous, ochreous, and compact (liver 
ore), are brought to light. 

Analyses of average samples of several varieties of ore from 
this and two other similar localities in the vicinity, show : — 





1 


2 


3 


4 


Metallic Iron, 


56-10 


57-91 


51-96 


55.05 


Phosphorus, 


0-45 


0-24 


0-58 


0-57 


Insoluble silicious matter, 


6-04 


3-06 


7-84 


5-61 


Water, 


10-49 


7-41 


12-44 


12-72 



All these ore banks, as has been stated above, lie at the foot 
of hills of Coal Measures sandstone, adjacent to the fault which 
separates this from the Quebec formation. The occurrence to- 
gether of limonite, and of the pebbles and ferruginous rocks, 
if not of the Drift, at least undistinguishable from similar ma- 
terials of that formation, has already received notice. The a- 
nalyses from average samples show the limonite to be of very 
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good quality, and with no unusually large amount of silicious 
matter. 

(&.) In Bibb county, at a distance of several miles team the Coal 
Measures, and where the country rocks are of the Quebec or Knox 
formation bordered by the Trenton, are found, especially covering 
the hill-tops, rounded pebbles of the Drift, along with many frag- 
ments of the ferruginous sandstone, apparently also belonging to 
the same formation. In this locality occurs a bank of limonite of 
compact and fibrous varieties. The rounded pebbles, ferruginous 
sandstone, and ferruginous conglomerate of the Drift (formed of 
pebbles cemented by hydrated ferric oxide) cover the ground. A 
ferruginous sandstone is here one extreme of a series, of which 
pure compact and fibrous limonite, with little or no admixture of 
sand grains, is the other. If the pebbles, ferruginous sandstones 
and conglomerates on the one hand, and the limonites on the other, 
do not belong to the same geological period, it is difiScult, if not 
impossible, to draw any line between them. That the pebbles and 
ferruginous sandstones are to be assigned to the Quatenary forma- 
tion may be inferred from the fact that, from this point southward, 
the whole country is more or less completely covered with similar 
materials which are undoubtedly of that i^e. 
An average sample of ore from this locality shows 

Metallic Iron, 50-07 

Phosphorus, 0.35 

Silicious matter, 14.11 

Water, 10-49 

like the others above, a fair specimen of limonite. 

(c.) The anticlinal valley, which separates the Gahaba from the 
Warrior Coal field, has the Quebec or Knox Dolomite for its 
principal surface formation, and associated with this here, as else- 
where, are great banks of limonite. The pebbles, ferruginous 
sandstones and other materials of the Drift, cover partially the 
lower fifteen or twenty miles of this valley, at first (northwards) 
sparingly and in isolated patches, but eventually hiding completely 
not only the Silurian strata of the valley, but also the Coal 
Measures on each side. In very many localities in this lower 
(southwestern) part of the valley, the association of ferruginous 
sandstone and pebbles with limonite may be observed. In most 
places where the great ore banks occur, the surface specimens are 
generally ferruginous sandstone and conglomerate, with compara- 
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tively little hydrated ferric oxide. The sandstone, as is so often 
the case, is found in plates, tubes, hollow spheres, etc. In many 
instances the sandstone of the usual Drift type may be seen, to- 
gether with tolerably pure limonite of fibrous texture, needle ore 
in fact, both upon the same specimen. 

One familiar with the ore deposits, only where the Drift was 
absent, would not expect to find good ore where such sandy 
ferruginous rocks form the surface specimens, and yet some appar- 
ently of the most extensive and valuable ore banks of this valley 
are introduced, so to speak, by such surface rocks. 

An ore from this locality shows 

Metallic Iron, 50*68 
Phosphorus, 0*12 

Silicious matter, 9*80 
Water, • • • 

like the others also, a fair sample of limonite. 

In all the above described occurrences we may notice (1) the 
aasociation together of sand, pebbles, ferruginous sandstones and 
conglomerates of Quaternary age, with limonites of the usual com- 
position — typical brown ores indeed. (2) An association so 
intimate that eveiy gradation between the limonites and the sandy 
ferruginoiys rocks may be observed. (8) That upon one and the 
same hand-specimen may often be found fibrous limonite free from 
sand, along with ferruginous sandstone containing comparatively 
little iron. (4) This association, so far as yet known, has been 
observed, with one exception only, in terranes underlaid by the 
Quebec or Knox Dolomite of the Silurian and by the Sub- 
carboniferous formations, and only in the southei*n and western 
parts of these terranes where they adjoin the great belt of pebbles, 
sands, etc., of Stratified Drift (sometimes as much as one hundred 
feet in thickness), which hides everywhere in Alabama the junction 
of the Paleozoic and Cretaceous formations. 

The conclusions which seem to be justified by the facts given 
above are that, whilst the Quebec or Knox Dolomite and the Sub- 
carboniferous formations have furnished the material of most of 
our limonites, the time of the formation of some of the ore banks 
as we now find them, is the same as that in which were formed the 
ferruginous sandstones and conglomerates, usually assigned to the 
Stratified Drift, and as other limonite banks differ from those above 
described, only in the absence of the pebbles, sands, etc., of 
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Qaaternary age, over the territory in which the limonltei occurs^ 
the formation of these banks also may reasonably be referred to 
the same period ; and whatever agencies have been active in the 
formation of the ferruginous sandstones and conglomerates ususdly 
ascribed to the Drift, the same have also been instrumental in 
forming part, at least, of the limonite with which they are so 
intimately associated. 

Finally, I would not be understood as holding that the formation 
of the ferruginous sandstones and conglomerates, which character- 
ize the Drift deposits, was confined to a single period. It seems 
much more probable that the cementing together of the Drift 
sands and pebbles by hydrated ferric oxide, whilst it may have 
begun soon after the deposition of the Drift, has been going on 
ever since. In fact, the formation of hard ledges in recent cuts, 
through ferruginous Drift sands, shows that the induration of these 
iron-bearing sands is going on now whenever the circumstances 
favor it. 

So in the case of the limonites — whilst most of that which is 
found in our ore banks may have been formed long since, yet 
wherever a ferruginous solution from precipitation, evaporation, or 
other cause, deposits its iron, we have the conditions for forming 
an ore of iron, limonite, ochre, or other ore. It may be^ that even 
now,, every rain which falls upon the ferruginous, sandy clays, in 
which most of our limonites are embedded, may help in the forma- 
tion of limonite which at some future day may be ntilized in the 
blast furnace. 

4. The next horizon, at which we find an iron ore, is between 
the Quebec or Knox Dolomite and the Chazy limestone. The ore 
is a lenticular red hematite, not to be distinguished by the eye 
from a similar ore occurring in the Clinton formation. 

This occurrence, new to Alabama^ and now first described^ is 
a limited one so far as yet known ; it has been found only in the 
vicinity of Pratt's Ferry in Bibb county. The thickness of the 
bed, which lies conformably beneath Chazy limestone with charac- 
teristic fossils, is about four and a half feet. The ore contains 
traces of fossils, but none well enough preserved for identification 
have yet been found. 

5. Niagara. In the Clinton group of this formation the fossil- 
iferous red hematite or dyestone ore forms a persistent feature in 
Alabama as well as in Tennessee and the states farther north-east. 
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The ore is usually found in a ridge on each side of the anticlinal 
valleys which separate the Warrior and Cahaba Coal-fields, and 
which, like Wills' and Murphree's valleys, separate parts of the 
Warrior field from each other. These ridges are composed of the 
rocks of the Clinton, the Black Shale (Devonian), and the Cherty 
portions of the Sub-carboniferous groups. 

In Roup's and Jones' Valley the red ore ridge on the western 
side of the valley is duplicated, and both the ridges contain good 
ore. 

The quality and amount of the ore vary from place to place 
along the outcrops. Analyses have been published in the Geologi- 
cal Report for 1876, which show the general character of ore in 
the vicinity of Birmingham. 

At the Oxmoor Furnace, the only one in the state now using the 
red ore, it is mixed with limonite from Roup's Valley. The Bed 
Mountain ridges, as they are called in Alabama, extend from near 
Scottsville in Bibb county, northeast into Georgia, in one series of 
valleys, whilst other shorter valleys have also their ore ridges. 

6. In the vicinity of Columbiana, in Shelby county, there is 
an occurrence of red ore which differs from the ordinary ore of the 
Clinton group in being compact, not composed of flattened grains, 
showing no trace of foSsils, and in having embedded grains of 
pellucid quartz. This ore occurs in a ridge similar in some re- 
spects to the Clinton ore ridges, but the absence of fossils has 
thus far prevented a determination of the age of this particular 
deposit. The ore outcrop has been traced along the entire length 
of this ridge, a distance of several miles. 

Carboniferous Ores. 

1. Sub-carboniferous . The lower or Silicious group of this 
formation has in Alabama many points of resemblance to the 
Knox or Quebec Dolomite, mentioned above. Both formations are 
widely distributed, both are characterized by the occurrence in 
them of cherty limestones, and both are iron-bearing. 

The chert of the Sub-carboniferous is bedded, that of the Knox 
or Quebec, concretionary. 

The ore is limonite and resembles that of the Quebec formation 
in its occurrence, and in the general appearance of the ore masses, 
which are concretionary, geodes, etc. But in this formation the 
ore is more generally found associated with the broken-down 
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fragments of the chert beds, and perhaps not So often in reddish 
sandy clays, as is the case with the Quebec Dolomite limonite. It 
also often includes masses of chert which are sometimes com- 
pletely decayed to a white, chalky looking powder. 

As to the extent of the ore beds and the character of the ore, it 
may be said that upon most of the cherty ridges of this formation 
in the anticlinal valle^^s of middle Alabama, the limonite is found ; 
that it is often too silicious from included chert, and frequently 
holds too high a percentage of phosphorus to be profitably worked. 
In Russell's Valley in Franklin county, North Alabama, there are 
banks of limonite of great extent and with high percentage of 
metallic iron. The occurrence is in every respect similar to that 
of the limonite banks of the Knox Dolomite, the ore being em- 
bedded in red clay soil, showing no trace of stratification. The 
ore here shows the usual varieties, fibrous, compact, ochreous, etc. 

A Catalan forge was once supplied from one of these ore banks, 
but at the present time, there is, in Alabama, no furnace using the 
ore from this formation. Throughout the valley of the Tennessee 
in North Alabama, there are numerous occurrences of ore banks of 
considerable superficial extent, the ore of which may upon closer 
examination be found fit for use. This is all the more probable 
from the fact that in the adjoining state of Tennessee the ore 
banks of the Sub-carboniferous have been extensively worked. 

Concerning the age of the ore as now encountered, the remarks 
upon the age of the Knox Dolomite ores will, in great measure, 
apply here. The association of the ore with rounded pebbles, etc., 
is common here also. Prof. Safibrd, who has examined the ore 
banks occurring upon this formation in Tennessee, is of the opinion 
that the source of the iron may be looked for in the ferruginous 
chert, whilst the formation of the ore masses, as we now find 
them, has probably taken place at a comparatively recent date, 
perhaps subsequent to the time when the pebbles and sands, asso- 
ciated with much of the ore, were deposited. 

2. Coal Measures. The two ores found in this formation are 
clay iron stone and black-band. 

The Coal Measures of Alabama have been so little explored 
that occurrences of these ores are not much known. Anal3'ses 
have been published, however, of very good clay iron stones from 
Jefierson and Walker counties. The ore is not yet worked. 

At New Castle Station on the South and North Alabama R. R., 
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there is exposed a bed of black-band ore one foot in thickness. 
This bed has been leased to the Eureka Iron Company at Oxmoor. 
The Warrior Coal seam, at Warrior Station on the same rail- 
road, has a capping of cannel coal and black-band, two feet, four 
inches thick. 

Ores op Later Formations. 

There is'very little to say of ores in any of the formations later 
than the Carboniferous. I believe that nothing like ore banks 
occur in any except the Drift. 

This formation is remarkable for the large amount of iron which 
it holds. Most of the sands and clays, especially near the Paleo- 
zoic terranes, are colored deep red, orange and yellow, with the 
hydrated peroxide, which is often found in local accumulations 
somewhat after the fashion of the ore banks of the older forma- 
tions, but generally mixed with much sand and other Drift mate- 
rials. Anything like a fair limonite I have never seen in this for- 
mation, at any great distance from the Silurian or other older 
formation from which the iron seems in all probability to have 
been derived, except in the case of the ore bank near Vernon, 
Lamar county, already mentioned above. The usual occurrence of 
the ferric oxide in the Drift is, as has been stated above, rather as 
a cement holding together grains of sand and pebbles, and widely 
distributed coloring the sands, etc., than as a true ore. 

It seems to be a fact that the farther we go southward the less 
iron do we find in the Drift, and in the lower part of the state, in 
the pine woods, the prevailing color of the sands is either white or 
ashy, showing comparatively little iron. On the other hand, that 
bed of Drift materials which hides the line of junction of the 
Paleozoic and Cretaceous formations is commonly deeply colored 
with iron. 

In conclusion, a few words may be said concerning the ore 
deposits upon which the iron industry of the state will chiefly 
depend in the future, and particularly in regard to their extent. 

Very little, next to nothing, is known of the iron ores of the 
Metamorphic region. The inaccessibility of these beds will stand 
in the way of their development, probably for years to come. 

The Sub-carboniferous limonites also have received very little 
attention, and it is from the ore banks of the Quebec and the red 
hematite beds of the Clinton formations, that most of the material 
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to supply our blast furnaces, for many years, will probably be 
obtained. 

The Clinton ores, occurring as they do in stratified deposits, 
may easily be examined and their quality and quantity ascertained. 

The case is, however, quite different when we turn to the Lower 
Silurian and Sub-carboniferous limonite banks. From the very 
mode of formation of these banks, it will be seen that nothing but 
an actual section can give with any certainty their thickness, since 
these deposits are in no way connected with the stratified beds, 
but are found as local pockets or strings of pockets. 

It is common to hear the term 'inexhaustible" applied to these 
ore banks, and if their thickness corresponded in any way with 
their superficial extent, this term might not be so far wrong, if we 
mean by 'inexhaustible" to say, that the bank holds ore enough 
to supply a blast furnace for many years. 

The fact is, we know scarcely anything of the capacity of any 
of our great ore banks. That of the Shelby Iron Works has been 
perhaps the most thoroughly explored, and it must be admitted 
that in this case, as also with the banks of the Woodstock Fur- 
nace, the supply of ore shows no sign of exhaustion. From these 
two instances, in which the furnaces have been in blast for many 
years, we might be justified in inferring that, in other cases where 
the accumulations of ore are of great superficial extent, the 
amount of ore below the surface is correspondingly great. 

An inference, however, is not a certainty, and certainty can be 
had only from actual thorough exploration, and this is what almost 
none of our ore banks have yet received. 



On Some Characteristics of the Vegetation of Iowa. By 
Joseph Charles Arthur, of Charles City, Iowa. 

[ABSTRACT.] 

I. — Iowa lies on the border of the western plains, but has a flora 
largely identical with that of the Eastern States. Over sevea- 
oighths of the indigenous species extend east to Indiana, while 
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only about twenty are exclusively trans-Mississippian. Some 
peculiarities of the flora are very prominent. The more robust 
habit, and firmer growth of tissues is a matter of even casual 
observation. This is well illustrated by the tumble-weed (Amaranr 
tus albuSj L.), a somewhat succulent and not very troublesome 
weed in the East, which, under the influence of western surround- 
ings, beoomes stout and rigid, and with the advent of frosts 
drops its leaves, breaks away from the earth, and is ready to be 
rolled and tossed by the wind. The entire absence of Ericinece^ 
or true Heaths, and of Sphagnum, and of all Lycopods, deserves 
attention ; and other differences might be enumerated. 

It is proposed to call attention to a few of these, and to suggest 
some explanations. 

TABLE SHOWING THE PERCENTAGE OF SPECIES AS COMPARED WITH 
THE WHOLE NUMBER OP INDIGENOUS PHANEROGAMOUS 

PLANTS OF EACH REGION. 



Ericacess 

Orchidacese.... 

Cyperaceae 

GramineaB 

Glnmaceaa 

Trees 

Ligneous Flora 
RanunculacepB.. 

CompositaB 

Annuals 



u. s. 


D.C. 


MICH. 


OHIO. 


ILL. 


* 

IOWA. 


30 


2-5 


2-3 


2-3 


1-2 


0*3 


2-5 


2-4 


3-4 


2-9 


20 


1-2 


lO-d 


9-2 


10-6 


10-5 


9-5 


6-9 


7-8 


8-8 


7-8 


7-6 


7-5 


7-5 


18-7 


180 


18-4 


181 


170 


1.44 


6-2 


7-6 


7-4 


7-4 


6-8 


6-7 


16-0 


16-7 


171 


16-5 


14*9 


12-9 


2-4 


2-4 


30 


2-9 


2-8 


3-8 


12-7 


131 


12-0 


12-tf 


13-7 


15-4 


130 


12-0 


9-5 


11-6 


14'9 


16-5 



NEB. 

0-7 

1-9 

9-5 

8*6 

18-1 

4-2 

9-8 

2-7 

14-7 

14-0 



The above table gives the percentage of a few prominent orders 
and classes of plants as compared with the whole number of indige- 
nous flowering species of the respective regions named. Gray's 
Manual, fifth edition, has been taken as the basis of the com- 
putation, and especially to determine the indigenous, the annual, 
the ligneous, and the arboreous, species. The data for the states 
named have been secured from a catalogue of plants of the District 
of Columbia and vicinity, by the Potomac-side Naturalist's Club, 
puTblished in 1876 ; a catalogue of Michigan, by Elmore Palmer, 
1877 ; of Ohio, by H. C. Beardslee, 1874 ; of Illinois, by H. N. 
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Patterson, 1876 ; of Iowa, by J. C. Arthur, 1876, with addenda of 
1877-8 ; and of Nebraska, by Samuel Aughey, 1875. It would 
undoubtedly have been more satisfactory to have taken a catalogue 
of one of the New England or Middle States, instead of the 
District of Columbia, to represent the character of the"^ eastern 
flora. But no such catalogue not otherwise objectionable was at 
hand ; and, as the Flora Columbiana is made to include the 
"vicinity," it is thought to give a fair exhibit. Only such species 
were counted among the trees as reach eighteen feet or more in 
height. 1 

A discrepancy in the table that it is^necessary to notice is the 
comparatively small percentage of Cyperaceoe and Graminece given 
for Iowa. The glumaoeous plants have a wide range, and are 
generally well represented, both by species and individuals. 
Considerably over nine-tenths of the surface of Iowa is exposed 
grassy prairie, giving such plants remarkable advantages. Only 
one explanation of the deficiency shown in the table seems proba- 
ble ; this class of plants has not yet received due attention from 
Iowa botanists. The conclusion is confirmed by the relation, as 
given in the table, between the two orders {Cyperacece and 
Graminece) ; that for Iowa is inverted, as compared with the other 
regions. 

Although the table is not as comprehensive as could be desired, 
it is suflSciently so to exhibit a few verj'^ interesting facts. It shows 
that the Ericacece gradually diminish as we pass westward, except- 
ing a slight increase in Nebraska. The Orchidacece show an 
almost parallel distribution. The latter, however, reach their 
maximum in Michigan, a state with an abundance of Tamarack 
swamps and other moist and protected situations, such as are 
congenial to most members of the order. The comparative num- 
ber of glumaceous plants seems to be quite constant, not varying 
far from eighteen per cent, of the total number of phanerogamous 
plants, except in Illinois and Iowa, which latter discrepancy has 
been explained. The ligneous flora constantly decreases toward 
the west, with the exception of Michigan, where, as is to be ex- 
pected, the maximum is reached. The arboreous portion shows 
an uninterrupted decrease westward. The Banunculacece, Com- 
positce and annual plants, give the largest number for Iowa. 

^The standard taken by Dr. Vasey in preparing the United States* £:chibit at the 
Centennial. 
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TABLE OF THE NUMBER OF INDIGENOUS SPECIES OF 
CONIFEB^ IN EACH REGION. 







U.S. 


D. C. 


MICH. 


OHIO. 


ILL. 


IOWA. 


NEB. 


ConifersB ■ 


21 


5 


15 


11 


11 


4 


6 







Although the Coniferce are represented by too few species to be 
included in the previous table, they have an interesting distribution. 
The four species found in Iowa are Pinus Strobus, Juniperus com- 
munis, J. Virginiana, and Taxus baccata, var. Canadensis. Of 
these, Juniperus Virginiana is common to all the areas mentioned ; 
Juniperus communis and Taxus baccata are absent from the Flora 
Columbiana, the region being too far south for them ; and Pinus 
Strobus and Taxus are not in Nebraska. 

With the exception of the Glumaceoe and the trees, it is largely 
true of the plants mentioned in these tables, although no necessary 
sequence, that a direct and considerably increasing ratio exists 
between the number of species and the number of individuals. 

To recapitulate : Ericacece, Orchidacece, and Coniferce reach their 
minimum in Iowa, and the Glumacece doubtfully so ; ligneous 
plants, including trees, farther to the west ; while RanunculacecB^ 
Compositce and the annuals, reach their maximum in Iowa. 

II. — Physiography of Iowa as related to the Vegetation. This 
portion, which consists of condensed meteorological and other 
statistics, must be almost entirely omitted, as it is not possible to 
bring the matter into a suflSciently brief space for the present ab- 
stract. The following items are very important. 

The relative humidity sometimes drops to twenty-six per cent., 
and is not infrequently at or below forty per cent. A heavy 
shower does not necessarily imply saturation of the air, at such 
times the relative humidity being from ninety-three per cent, up- 
wards. This is not to be interpreted as indicating a meagre 
rainfall, for Iowa generally receives a greater depth of rain than 
eastern states in close proximit}' to the Atlantic, and, with the 
frequent exception of a portion of the winter, it is quite equably 
distributed through the seasons. 

From sixty to sevent3''-five changes of temperature of thirty 
degrees or more, within twelve hours, may be expected during each 
year. On February 14, 1876, at the Agricultural College, a rise of 
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forty-eight degrees was recorded, and at Ft. Dodge, in Augnst, 
1878, the thermometer dropped thirty-four degrees in less .than 
eight hoars. 

III.-^ C7oncZtt«io?i«. The richness of the soil insures a profuse 
and luxuriant growth, but adverse climatic influences prevent the 
attainment of great size. This is particularly obvious among 
forest trees; very large individuals being rare. The general 
coarseness and roughness, and the firmer tissues of western plants, 
can doubtless be ascribed to the severities of climate. 

The level character of the surface of the state excludes all 
plants requiring high latitude or altitude, with many others, 
especially those that thrive in very cool, shady ravines. 

Not a Sphagnum nor a Lycopodium occurs in the state. Which, 
in itself, indicates the non-occurrence of orchids and other plants 
growing in similar situations. 

The annual rainfall of Iowa is entirely suflSicient, unless in the 
northwestern part, to support dense forests with their accompany- 
ing vegetation, as Dr. Gray has pointed out in a recent article.^ 
The dry, sweeping winds from the northwest, which are usually 
accompanied by clear skies, with the remoteness of large moisture- 
dispensing bodies of water, and the occasional scorching south 
winds, all conspire to give to Iowa the dry climate characteristic 
of the interiors of great continents. The effect of this dryness is 
augmented by the rapidity with which the soil loses its moisture, 
it having but little protection from forests or hills. The low 
rainfall of winter, and the not infrequent drouths of summer also 
add to the general effect. Couple all this with the sudden and 
great changes of temperature, and it goes far toward explaining 
the deficiency of ligneous plants, and of EricaceoB^ Orchidacece 
and ConiferoB. Then there is to be added the yearly range of 
temperature : many plants which receive no injury from the ex- 
cessive heat of summer are killed by the cold of winter, and vice 
versa. 

We have suggested reasons for the deficiency which, the tables 
show, exists in certain classes of Iowa plants, and now pass to 
the classes noticeable for their abundance. 

The habitat of Compoaitoe is largely in open ground. Iowa, 
nine-tenths prairie, offers these plants unusual advantages, to 
which are added the natural hardiness of the order, and the often 

'Am. Jour. Sci. and ArtSi Aug., 1878. 
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roughened or hairy exterior, enabling them to withstand extremes 
of temperature. Annuals, not being affected by th^ rigors of win- 
ter, have in consequence more chances of success than perennials. 
Many do not require the entire summer to complete their growth. 
Of such, some, as the Drabas, prefer a moist, cool climate, and 
find suitable conditions during spring ; while others, better adapted 
to a hot and dry climate, e. g.^ the Euphorbias, are brought into 
life by the high temperature of early summer, and grow with great 
luxuriance during the tropical heat of July and August. 

Some plants seem able to alter their habits considerably in 
order to suit themselves to changed conditions. Such are some of 
the members of the order Banunciilacece. The Eanunculus Cym' 
balaria is a notable example. Although a maritime plant, or 
confined to " salt springs" in the interior, according to Gray*s Man- 
ual, it is not infrequently found on the exposed prairies of Iowa. 
The writer has seen it covering a plain of a large number of acres 
near Ft. Dodge. Other instances could be given. 



Changes Preliminabt to Cleavage in the Egg of Clefsine. 
By Chables O. Whitman, of Newton Highlands, Mass. 

[ABSTRACT.] 

The embryology of one of the higher animals may be said to 
embrace the history of two successive periods, viz., the preemr 
bryonic and the embryonic. 

The pre-embryonic period includes the growth and maturation 
of the egg, impregnation, nuclear changes preparatory to cleavage, 
the cleavage, the formation of a hollow sphere (Blastula, Hackel) 
from the cleavage products, and the transformation of this sphere 
into a double-walled sac {GastrulUj Hackel; Planvia, Lankester). 

The second, or embryonic period, is introduced by the formation 
of a primitive stripe, formed by the concrescence and concomitant 
thickening of the two halves of the Gastrula-orifice. During this 
period the parts of the future animal are sketched out and more 
or less completely developed. 
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Older embryologists devoted their attention almost exclasively 
to the embrj'onic phases of development; it is only within the 
last seven or eight years that pre-embryonic phenomena have 
begun to receive the attention they deserve. It is some of these 
phenomena to which I shall now ask your attention, making the 
egg of Clepsine the point of departure. 

Clepsine marginata, as many of you know, belongs to the leech 
family. It is a fish parasite, measuring about one inch when 
fully grown. It is found in ponds or small brooks where the cur- 
rent is gentle or imperceptible, attached to leaves, stones, fallen 
branches, etc. The eggs of this species vary in number from 
twenty to two hundred, according to the size of the specimen 
and the amount of food it has taken, and are generally attached 
to the leaves of living plants. 

This leech, like others of the genus, has the interesting habit of 
remaining over its eggs till they hatch. At the time of hatching 
the young are little developed, and entirely helpless. Their pro- 
tection is very curiously provided for. Soon after hatching they 
become attached to the ventral side of the parent, and ^e thus 
borne about until fully developed. During this time they receive 
no food from the parent, as shown by the fact that they develope 
quite as well when separated from the mother ; their only food is 
the nutritive yolk furnished by the egg. 

When, at the end of from two to three weeks from the time of 
hatching, this store of food is exhausted and the young are 
developed, the parent seeks to attach itself to a fish. This done, 
the young leave the mother and creep over the fish and take their 
first meal. 

Origin and Growth of the Egg. — The egg of Clepsine, like that 
of any other animal, is derived from a simple cell. This primary 
egg-cell is a spherical body inclosed within a thin transparent 
membrane, and is composed of three concentric parts, viz. — the 
protoplasmic body, the nucleus, and the nucleolus. The first step 
in the development of this cell into the proper ovum, is signalized 
by the accumulation of fine, opaque granules in the body of the 
cell, around the nucleus. These granular precipitations are white 
when seen by reflected light, and exhibit a lively tremulous motion 
when brought into contact with water — the so-called Brownian 
movement. They multiply rapidly with the growth of the eg$ 
and soon render the entire ovum opaque. When the egg is ab 
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half-grown some of these granules begin to expand by a simple 
process of growth, thus giving rise to the yolk-spheres. The color 
of the egg, which may be either white, yellow or green, depends 
upon the color of the yolk-spheres. As these granules and spheres 
have a secondary origin, as compared with the semi-fluid proto- 
plasm in which they are imbedded, they have been termed by Van 
Beneden, deutoplasm. The origin of the deutoplasmic elements 
in the bird's egg or in the reptile's egg is, according to the investi- 
gations of Gegenbaur, precisely the same ais in the egg of Clepsine, 
the only difference being, that in the former the yolk undergoes a 
farther differentiation into white and yellow yolk. 

The full-grown egg of Clepsine measures about '80"°* — about 
the size of a small pin-head — the nucleus about '08 to 'OB""™, and 
the nucleolus only about 'Ol"^"*. 

Transformation of the germinal vesicle, — Shortly after the ma- 
turity of the egg, the nucleus, or germinal vesicle as it is usually 
called, undergoes a remarkable transformation. The cause of this 
change is as yet unknown. It is simply known that the membrane 
of the germinal vesicle dissolves, the nucleolus becomes invisible, 
and that the whole or a part of the vesicle assumes the form of a 
spindle, around the two poles of which the protoplasm of the yolk 
becomes arranged in radial lines. This form of the nucleus, the 
precise origin of which was first made known by Auerbach, in 
1874, was called by him ^' karyolytic figure " but has since been 
more appropriately termed amphiaster, or double star, by a dis- 
tinguished naturalist of Geneva, Dr. Hermann Fol. 

The spindle of the amphiaster, or bistellate figure, is composed 
of fibres curving outward, and converging to a point in each pole 
of the amphiaster. These spindle-fibres appear to differ in no 
essential respect from the radial polar lines ; but in the eggs of 
some other animals and in the eggs of plants, according to 
Biitschli and Strasburger, they form the most conspicuous part of 
the figure. 

The entire figure bears a most striking resemblance to the picture 
produced in iron-dust under the infiuence of a magnet. This 
resemblance was at once remarked by Leuckart and others who 
have seen my preparations ; but it is not quite perfect in one par- 
ticular — that no curves appear in the radial polar lines. But it is 
to be remembered that these phenomena have thus far been studied 
in microscopic sections of eggs that have been treated with various 
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acids. It is quite possible that such curves do exist in the living 
cgg9 ftiid that they become obscured or obliterated by treatment 
with acids and staining fluids. That we have here an electrical 
phenomenon is suggested not only by the general appearance of 
the amphiaster, but also by the deportment of the two poles 
during the process of cleavage. This amphiastral form of the 
nucleus is, as we shall see farther on, one stage in the process of 
self-division. It is a transitional phase by which one nucleus 
becomes two nuclei. This division of the nucleus generally 
results in the division of the egg, or the cell. As often as the 
cell divides, the amphiastral figure recurs. It is plain, therefore, 
that we have here a life-phenomenon of very great importance. It 
is a phenomenon of the deepest interest to the biological student, 
inasmuch as it stands at the very threshold of all organic life. It 
is common not only to all eggs, whether the eggs of plants or 
of animals, but also to all cells, whether embryonic cells or the 
cells of fully developed tissues. Its universality testifies to the 
unity of life. 

Quiescent state, — After the formation of the amphiaster, the egg 
appears to maintain a quiescent condition, until, at the time of 
deposit, it is brought in contact with water. The proof of this 
fact was obtained in the following manner. I distui:bed a leech 
that was laying its eggs, and, in consequence of the interruption, 
three eggs were retained in the ovary. The leech manifested no 
disposition to part with the remaining three eggs. At the end of 
forty-eight hours I cut the leech through the middle and thus lib- 
erated three eggs. To my surprise, I found them in precisely the 
same condition in which I had found the others two days before. 
The eggs were kept in both cases and developed in the normal 
manner. I have observed cases in which the eggs have been 
retained in the ovary four to five days after they were ripe for 
deposit. I am the more certain on this point, as I have been 
able to recognize this time with sufiSclent accuracy to exclude 
failure in every case where I made the experiment of cutting the 
leech to obtain eggs. 

This quiescent condition, which can be maintained for at least two 
days in the egg of Clepsine, and which in the egg of the hen, accord- 
ing to Colasanti, may continue three weeks, and, in 'rare cases, even 
four weeks, without fatal injury, reminds one of the analogous fact 
that seeds can be preserved for years in a similar condition. 
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Polar Figure, — Soon after deposit, the amphiaster moves 
towards the periphery of the egg in such a manner that one of its 
poles comes to lie exactly in the surface. This pole appears on 
the living egg as a small white spot; examined under a low 
magnifying power it shows a distinct radial structure. This polar 
figure is the outward expression of the radial lines around the 
external pole of the amphiaster. About twenty minutes after 
deposit there appears exactly in the centre of this figure a pellucid 
»pot. This spot is free from deutoplasmic elements, but appears 
dark in consequence of the opaque background. This spot is the 
centre of the outer pole of the amphiaster. The polar figure not 
only reveals the position of the amphiaster, but also determines 
the main axis of the egg and at the same time the axis of the 
future embryo. It marks very nearly, at least, the place where 
the future mouth forms, and this pole of the egg may be therefore 
called the orcd pole, and the opposite the aboral pole. 

Polar Globules. — About thirty minutes after deposit an inter- 
esting change takes place. A well defined constriction appears in 
the equatorial plane of the e'gg, and passes by a sort of peristaltic 
movement toward that pole of the egg which bears the polar figure. 
In the course of ten minutes it passes off at this pole, leaving only 
a nipple-like protuberance. In a few minutes this protuberance is 
seen to be a transparent spherical body in process of liberation. 
Soon it is fully eliminated and lies between the yolk and the egg- 
membrane. Thirty minutes later a second body, like the first, is 
expelled, though accompanied by a much less clearly defined con- 
striction. These two bodies are the so-called "j?oZar globules" or 
^^ directive corpuscles." They are of very general occurrence in the 
eggs of animals as well as the eggs of plants, but the constriction 
attending their exit above described, has not been observed in any 
egg save that of Clepsine. 

Whence come these polar globules? If we make sections of 
the egg, at the time the constriction is passing, parallel to 
the axis of the egg, we shall, if successful, obtain one section 
which includes this axis. In this section we shall find the am- 
phiaster in process of division, and we shall see that the polar 
globule represents the external half of the amphiaster, together 
with a little of the protoplasm of the egg. It contains then 
nuclear sobstanee and cell-protoplasm, in other words, is a genuine 
cell. JPMMIiA|feB|H|^f the amphiaster is soon transformedL 



268 CHAKGE8 IK THE EGG OF CLEPSINE ; 

into a complete amphiaster, T^bich divides, and prodaces the second 
polar globule. The half of the last amphiaster which still remains 
in the egg is not changed into a third amphiaster, but assumes the 
form of one of the amphiastral poles. This stellate figure is the 
female pronucleus. Near the opposite pole of the egg a second 
stellate figure is seen. This is the male pronucleus. It owes its 
origin to a spermatozoon which has previously entered the yolk. 

Cleavage-nucleus, — In the female pronucleus two small bodies 
are seen in close apposition, and in the male pronucleus, on^ such 
body. These bodies are nucleoli. The two pronuclei begin to 
approach each other, as if by reciprocal attraction, meet near the 
centre of the egg and here blend into a single nucleus — the 
cleavage-nucleus, so called because it is the nucleus which intro- 
duces the cleavage. The three nucleoli also meet in the centre of 
the cleavage-nucleus, but do not blend until about the time the 
cleavage begins. From this it appears that impregnation consists 
in the complete fusion of corresponding parts of two sexually differ- 
entiated cells — the egg-cell and the sperm-cell. 

Polarity, — While the phenomena thus far described — polar 
figure, pellucid spot, and polar globules — have been confined to 
one pole of the egg, those which are to follow are repeated on both 
poles of the egg. A short period of uni-polar activity is followed 
by a longer period of bi-polar activity. In the latter period the 
pole thus far active, still asserts its preeminence by taking the 
lead in actions that repeat themselves later and more sluggishly 
on the opposite pole. 

Polar rings, — I have now to describe a phenomenon thus far 
known only in the egg of Clepsine. About one hour and thirty min- 
utes after deposit, a shallow groove forms around the oral pole, 
and in this groove a transparent fluid collects, thus forming a 
conspicuous polar ring. Soon the equatorial side of this ring 
becomes denticulate or rayed. Ten minutes later a similar ring 
forms around the aboral pole, with rays from its equatorial side. 
The life of the egg at this time seems to be concentrated in this 
outward display of polarity. These rings begin to advance 
slowly, each toward the pole it incloses ; meanwhile the rays have 
reached their maximum intensity and begin to dwindle. The oral 
ring advances in such a manner that it forms a constriction about 
the inclosed yolk, forming of this a kind of flat cap, or calotte. 

The aboral ring does not strike deep enough to form a calotte, 
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but seems to pass over the pole, forcing the inclosed yolk in 
towards the centre of the egg. This concentration of the rings 
continues until the aboral ring has the form of a disc, and the 
oral ring is pierced only by a slender column of yolk, on 
which rests the calotte. If we make a median section of the 
egg at this time, the aboral disc will present an oblong elliptical 
form, while the oral ring will appear as two separate parts, di- 
vided by the slender column of yolk which supports the calotte. 
Each of these parts has a sharpl}'' outlined cordate form. At this 
time the nucleus will be found a little eccentric, lying nearer the 
oral than the aboral pole. The three nucleoli have maintained 
their identity and relative positions thus far. A few minutes later 
the ring-substance loses its sharp outlines and begins to flow slowly 
towards the centre of the egg. At this moment the three nucleoli 
become invisible, and the nucleus assumes the amphiastral form 
already described. This amphiaster is much larger than those 
before mentioned, and its division will result, not in the production 
of a diminutive cell, or polar globule, but in the sundering of the 
egg into two nearly equal parts. It is interesting to note the 
behavior of the two poles of the amphiaster while the egg is di- 
viding. The cleavage-groove begins first on the oral side of the 
egg — on that side nearest to which the nucleus lies. At the 
moment it begins we find that the two amphiastral poles are much 
farther apart than at first, and that the radial polar lines are much 
more intense. As the cleavage advances the two poles move still 
farther apart and the radial lines reach their maximum intensity. 
It is plain to see that the power which cleaves the egg resides in 
the nucleus. During the cleavage the two poles of the amphiaster 
act as if repelling each other, moving farther and farther apart 
and pulling the passive yolk elements with them. Thus they 
appear as centres of attraction for the yolk. 

Approach of the two cleavage spheres, — As soon as the cleavage 
is completed, the two parts, instead of parting company, begin to 
approach, flattening against each other, until at length they to- 
gether form a pei-fect sphere — as perfect as the undivided egg. 
The line of division is not, however, obliterated. Why do the 
two parts of the egg approach in this manner? This fact has 
been often noted and has been generally explained as the result of 
pressure exerted by the elastic membrane of the egg. This expla- 
nation, however, cannot apply to those cases where the egg lies at 
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a great distance from its membrane, as in the case of many Mol- 
luscan eggs. I have good evidence that it does not apply in any 
case. I once liberated an egg from its membrane, and thus had 
an opportunity to follow the cleavage unhindered by the membrane. 
At the close of the cleavage the two parts touched each other only 
at a common point. Subsequently they began to approach, flat- 
tening on their contiguous faces, and finally formed together a 
perfect sphere. If we follow the two nuclei that have resulted 
from the division of the amphiaster, during the approach, we find 
that they take the lead in the movement. The cleavage as well as 
the subsequent approach of the cleavage-spheres are therefore due 
to nuclear influence. 

^^ Faltenkranz" — In conclusion I will caH attention to some 
interesting radial phenomena which have never been satisfactorily 
explained. 

Kleinenberg, in his well known work on the development of 
Hydra, states that the cleavage begins on one side of the egg, and 
that pseudopodial processes arise from the walls of the cleavage- 
groove, on this side. Metschnikoff observed folds on the walls 
of the cleavage-groove in the eggs of certain Siphonophores. As 
long ago as 1824 similar folds (" Faltenkranz," Reichert) were 
observed by Provost and Dumas on the Amphibian egg. These 
folds were seen by von Baer, and more recently by Gotte. They 
have been made a subject of special study by Max Schultze and 
Reichert. According to every explanation thus far oflfered of these 
folds, they should appear at right angles to the plane of cleavage 
in its entire circuit. This, however, is not the case. They appear 
only on one side of the egg^ and instead of being at right angles 
to the plane of cleavage, they are at right angles only at the 
centre, diverging more and more towards either end of the groove, 
thus forming a kind of long star. From what has before been 
said, it is evident that the radial influence of the two poles of the 
amphiaster is greatest at the moment the cleavage appears, and 
that the cleavage begins on one side, rather than on all sides 
simultaneously, because the nucleus lies eccentrically — always 
nearer the side on which the cleavage begins. It seems, therefore, 
highly probable that these "processes" and "folds" are merely 
the outward expression of the radial influence of the nucleus.^ 

^For a more detaUed account of the above phenomena, see Quart. Joum, Mlc. Sci.| 
July,,1878. 
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The Philosophy of the Movements op the Rocky Mountain 
Locust. By Charles V. Riley, of Washington, D. C. 

Prior to the j'^ear 1876 very little that was accurate and reliable 
was known of the destructive locust that at times proves so dis- 
astrous to the agriculture of the trans-Mississippi country ; while 
still less was known of its movements. Had any one been asked, 
even eighteen months ago, whence come the ravenous hordes that 
sweep over the more fertile country between the Rocky Mountains 
and the Mississippi, or whither they go, he could have given but 
a hypothetical answer. Late investigation has, however, mate- 
rially altered the situation, and we are to-day in possession of 
much absolute knowledge both as to the habits, natural history 
and movements of this species. It is of the principles which 
underlie these movements that I desire briefly to speak ; pre- 
mising that any rule or law we may formulate, in biological sci- 
ence, will admit of exceptions, and can never possess the same 
fixed and absolute character that belongs to rules in the exact 
sciences. 

In order to treat intelligently of this locust problem, the U. S. 
Entomological Commission has found it necessary to divide the 
territory affected by the destructive and migratory species 
{Caloptenus spretus Thos.) into three regions, as follows : — 

1. The Permanent Region, 

or native breeding grounds of the species. This region east of 
the mountains embraces (vide map which is reduced from one in 
the Report of the Commission) all that vast plains region of the 
northwest between latitude 37° and 52® and reaching from the 
mountains to about the 103rd meridian. This forms altogether 
the most extensive breeding ground and comprises an area north 
of the boundary line, nearly equal in extent to that south of the 
same. West of the main range the Permanent Region is rep- 
resented by more restricted areas, comprising the Snake River, 
Cache, and the Malade Valleys. In all this vast region the cli- 
matic conditions and floral characteristics are similar. It is an 
extensive plateau from 2000 to 6000 feet above the sea level. The 
summers are usually dry and intense ; the winters long and severe. 
The atmosphere is attenuated and the vegetation generally sparse 
— the ordinary plains, covered with short but nutritious grasses, 
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now giving way, in moister sections and along water courses, to a 
ranker prairie growth ; now to almost complete desert, where little 
else but the sage-bush and a few cacti will grow. In the main it 
is what naturalists term a sub-boreal region and our Rocky Moun- 
tain Locust is, in its natural range, a sub-boreal insect. It is a 
form, to use Dr. Packard's words, " purely characteristic of the 
central zoogeographical province of North America. 

The extent of this fferritory is not less than 300,000 square 
miles, but it must not be inferred that the insect breeds uniformly 
over the whole. It breeds principally on the more moist and 
fertile plateaus, in the river valleys, in the subalpine mountain 
parks, protected slopes, canons, etc., — wherever, in short, vegeta- 
tion is favored throughout the region. The valleys of the South 
Saskatchewan, Yellowstone and North Platte are the most ex- 
tensive areas. 

The prevailing winds in this region, east of the mountains, are 
conspicuously from the northVest during the season when the 
insect is attaining maturity and full wing-power, and it is from 
this region that emanate the destructive swarms that oversweep 
the lower Mississippi country. West of the main range and in 
portions of Montana and Wyoming, especially west of the Belt 
range, there is no such uniformity in the course of flight, and local 
influences more materially affect it. 

The species is always to be found more or less numerously in 
this Permanent Region. 

2. The Sub-permanent Region. 

This is a comparatively narrow area bordering the Permanent 
Region on the east ; into which area flights are made with con- 
siderable frequency. The insect is, consequently, quite often 
found here. It can also perpetuate itself in this region for several 
years, but in the end disappears. 

3. The Temporary Region. 

This, as the map indicates, embraces a large extent of fertile 
country lying all around the other two regions. It is the country 
which the insect visits and devastates at irregular intervals, in 
which it cannot permanently thrive and which it vacates within a 
year. This last statement holds absolutely true for all that 
portion east of the mountains and south of the 43rd parallel, but 
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less true in the western border and in the extreme northern por- 
tion, which, partake more of the sub-permanent character. 

In this Temporary Region the species becomes diseased and 
cannot hold its own ; and in the Mississippi Valley there is always 
a return migration of such insects as hatch within it and which do 
not perish from disease or enemies, ere getting wings — the direc- 
tion being conspicuously toward the Permanent Region. 

This return migration, which I first set forth in 1874, has been 
fully confirmed by subsequent experience, and especially by the 
elaborate records (numbering about 2000) published by the Com- 
mission in 1877. It commences in April in Texas and continues 
from more northern points till about the middle of July, and, as 
in the case of the invading movements from the Permanent Region, 
which occur from the middle of July on through the autumn, it is 
aided by the prevailing winds, which, during April, May and June, 
are pretty constantly toward the northwest. 

There is a marked difference between the general migratory 
movement and the shorter, less constant fiights made in different 
directions in quest of food. 

Causes of Migration. 

There have been various theories advanced as to the cause of the 
migratory movements of the locust, but we should not look to any 
one, but to several causes that may either singly or combinedly 
produce the result. Were I asked for any single explanation or 
predisposing cause, I should answer. Excessive Multiplication; for 
the others are mostly secondary, or but consequences of this one. 
The following are worthy of consideration : — 

1. Hunger, — Whenever food is lacking, whether by virtue of 
excessive drought that is not uncommon in that portion of the 
country, or through such excessive multiplication of the species 
that all vegetation is devoured before the insects have completed 
their life-course, there must needs be the strongest incentive to 
migrate, as is well known to be the case, under like circumstances, 
with many animals normally non-migratory. 

2. The Frocreative Instinct. — My observations lead me to the 
conviction that there is a natural tendency in the species to seek 
for fresh breeding grounds away from the location of birth ; and 
even were there no tendency of the kind, we may find a sufllcient 
incentive for movement from one place to another during the season 

A. a. a. s., vol. xxvn. 18 
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of procreation, in the well known salacious habits and ardor of 
the males. Whenever the insect is excessively abundant the 
females are greatly disturbed and annoyed during the act of 
oviposition, as several males will be constantly attending her. 

3. Increase of and Annoyance from natural Enemies. No one, 
who has witnessed the excessive abundance in which some of these 
natural enemies of the locust at times prevail, can for a moment 
doubt that they often prove a valid cause. of migration. The 
Tachina-flies, especially, have been known to follow the locusts in 
dense swarms, and I have myself seen them so thick that not a 
locust could rise from the ground without being pursued by several, 
and there is no escape from their pursuit until the persecuted 
victim gets high in the air. 

4. Instinctive Impulse. — As already^ stated, the principal invad- 
ing and return movements are aided by the prevailing winds. 
That they are not, however, solely dependent on the wind, but 
largely instinctive, is proved by numerous observations, showing 
that the insects in migrating pursue a definite course and will move 
only when the wind favors that course. This is particularly true 
of the return migration. The fact that there is a well-marked 
limit line, coupled with this return migration, is not to the same 
extent susceptible of any other explanation. The preservation of 
the species — an instinctive desire to get to a more congenial soil 
and climate — is evidently the principal inciting cause to this 
return migration. Hunger can have no part in it since the insects 
pass over great stretches of luxuriant vegetation, both wild and 
cultivated. The more I study these movements, the more I feel 
that, for their proper explanation, we must allow a certain amount 
of instinctive guidance, akin to that possessed by migratory birds. 

The Eastern Limit. 

Nothing seems more natural at first blush than that an insect 
which is able to travel in the course of a single summer from the 
Northwest Territory to Galveston or points even farther south, 
and from the Rocky Mountains to central Iowa, should also be 
capable of extending to any part of the country. Yet the history 
of all past invasions, so far as we have any record of them, shows 
that there is a well defined limit beyond which the species has 
never reached to do harm, and beyond which there is every valid 
reason to believe that it never will, so long as the present configu- 
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ration and climatic conditions of the continent obtain. The close 
correspondence between the eastern limit reached during the 
several invasions, since the year 1866, is truly remarkable, and the 
limit-line runs in a broad way along the 94th meridian. To particu- 
larize, it extends from a point starting from the southern end of 
Lake Winnipeg to some twenty miles east of St. Paul ; thence 
south to Storey County, Iowa; thence westwardly, receding to 
northwest Missouri ; thence bulging again to Pettis County, Mo. ; 
and thence pretty direct through the extreme northwest corner of 
Arkansas, to Galveston, Texas. We have here a well defined limit 
line to the eastward spread of this destructive insect, more effectual 
than the highest mountain ranges in other parts of the country ; 
and it may well be asked what is the explanation of this eastern 
boundary line. The fact is established, and there is much satis- 
faction in it for the farmers of the fertile country east of the 
line ; but the explanation of the fact is another matter. Limit to 
the insect's power of flight was Walsh's explanation, but is un- 
satisfactory, since, a priori^ there can be no such definite limit to 
the flight of an insect that may be carried by wind 1400 miles out 
at sea (as we know to have been the case with another species), 
and tUat can halt and rest at will. The reasons are, beyond much 
doubt, physical, and principally atmospheric. In the prevailing 
cUrection of the winds during the seasons of flight ; in the increas- 
ing humidity consectaneous with decreasing altitude, and espec- 
ially in the shade and moisture that accompany forest growth — 
we have more tangible reasons. The insect is a denizen of high, 
dry plateaus, thrives best in dry seasons and is injuriously affected 
by excessive moisture ; and those familiar with the distribution of 
timber on our continent will observe that the limit line, as I first 
pointed out a year ago, follows very closely " the separation of the 
timber from the plains and prairie regions, or, more correctly 
speaking, the line that separates that vast region between the 
Mississippi and the mountains, in which the timber averages not 
more than six or seven out of every hundred acres, and that in 
which it averages twenty-five or thirty out of every one hundred" 
(The Locust Plague in the U. S., p. 67). 

So in the Saskatchewan country the timber line marks essentially 
the limit of the species' northern spread ; while toward the Pacific 
the moisture beyond the Cascade and Blue Mountain ranges ap- 
pears to be the most obvious barrier to the westward spread. 
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We thus get three important generalizations or rules for guidance 
in the solution of this locust problem. There is the invasion from 
the Permanent to the Temporary Region; the return migration 
from the latter to the former and the eastern limit of extension. 
There is yet a fourth rule which also has some bearing on the 
movements of this locust. It is that in the Temporary Region 
whenever the young insects abound to such an extent as to keep the 
earth bare of vegetation in summer (implying thick and extensive 
egg-laying the previous year), there will be no eggs laid in such 
devastated region the same year. This means that a year of utter 
locust devastation, like that of 1875 in many parts of the West, 
will be followed by one of perfect immunity from the pests. 

Thus within a single year we have been able to map definitely 
the geographical range of the species, and to trace the source of 
the more injurious swarms. In short, what was mystery before is 
mystery no longer. Aside from a large number of new facts of 
scientific interest as to the insect's habits, development, anatomy, 
and enemies, we have learned how to cope effectually with the 
unfledged insects ; while we point the way to practically prevent 
the disastrous incursions from the Permanent Region. With these 
economic details it would ill become me to detain this Association. 
When we reflect on the extent of territory involved, embracing 
fully one-half of the superficial area of the U. S., and remember 
how little that is definite is yet known of the source, range and 
movements of the (Edipoda migratoria, which has, since biblical 
timQ^, so sorely devastated large parts of £urope and Asia ; we 
may well feel some pride in our Government investigation. The 
importance of the work will best appear by the fact that the most 
careful estimates place the minimum loss to the western States and 
Territories, since 1873, at two hundred million dollars, to say 
nothing of indirect loss and suffering on the part of a frontier 
population ill-prepared to bear it. By virtue of the individual 
observations of the commissioners, and of the special assistants 
and correspondents emplo/ed over the country affected, they were 
able to state confidently in advance to the farmers of the West, 
that there would be no serious locust injury of a general character 
the present year, nor for some years to come ; and we point to an 
emigration this spring to the locust' devastated regions of Texas, 
Kansas, Iowa, Nebraska and Minnesota, unprecedented in the 
history of our country, as partly a result of this encouraging an- 
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nouncement. There is much yet to be ^ne in more fully studying 
portions of the Permanent Region yet unexplored; in giving 
practical application to the information obtained ; and in securing 
the proper state cooperation and legislation to cai*ry out our rec- 
ommendations and suggestions. 

In conclusion, I cannot forbear remarking that, whatever of credit 
attaches to the favorable results that have grown out of the in- 
vestigation into this locust problem, is in no small measure due to 
Dr. F. V. Hayden, without whose knowledge of the needs of the 
West — his forethought and energy, the investigation would 
scarcely have been ordered by Congress. 



A New Source op Wealth to the United States. By 
Chables V. RiLBT, of Washington, D. C 

* [ABSTRACT AKD ABGUHBNT.] 

This paper is largely statistical, giving tables of exports and 
imports of raw and manufactured silks for the last half century, 
and bringing out clearly the steady growth of the silk manufactur- 
ing industry of the country, especially during the last decade, 
under the protective import duties on manufactured goods. The 
author starts out with the axiom that the establishment of any 
such wealth-producing industry as that of silk culture and manu- 
facture, as an integral part of our productive resources, is well 
deserving the attention of the people and of legislators. Just as 
the American Philosophical Society, little more than a century 
since, gave great impetus to, and fairly established, the silk indus- 
try in Pennsylvania — established it so firmly that, had it not been 
for the Revolution, it would undoubtedly have continued to grow 
from that day on — so there is no reason why the American Asso- 
ciation for the Advancement of Science should not be partly 
instrumental in reestablishing that industry on a broader and 
more permanent basis. The author rapidly sketches the history of 
silk culture the world over, and especially in the United States, 
showing how from 1740 to 1790 hundreds of silk growers in the 
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multicaulis fever than healthily to stimulate silk industry. "Its 
exaggerated pictures and immoderate statements annul what little 
value it did possess, and earn for its author the name of blagueur^ 
which has been applied to him in France."^ 

Speaking of the effort of M. E. V. Boissiere, at Silkville, in 
Franklin County, Kansas, Mr. Riley expresses the highest appre- 
ciation of the intelligent attempts of the founder of that silk 
colony. The industry has, however, lagged, for the simple reason 
that it has been found less profitable than stock-raising and other 
general farming operations. M. Crozier, who has had charge of 
the silk establishment lately, has also found that the sale of eggs 
and the sale of mulberry cuttings are more profitable than the 
reeling and manufacture of the silk, and there is great danger that, 
from self-interest, greater harm than good will eventually come 
from this Kansas attempt. M. Crozier is now making every 
effort to encourage the purchase of his mulberry trees, an attempt 
which must be as injurious as it is premature, because it is stimu- 
lating an unnatural demand for the trees, in face of the fact — 
shown by his own experience — that there is no profit yet to be 
derived from the production of the cocoons. 

Very much the same may be said of other efforts that have been 
highly applauded without sufficient cause, and of plans prematurely 
and glowingly reported. As an instance Mr. Riley mentions the 
accounts that have recently been published of the success attend- 
ing the efforts of Mr. S. Lowery, of Hunts ville, Alabama, who is 
reported to have successfully raised and spun and utilized the silk, 
and who is said to contemplate establishing an industrial academy 
for silk culture. Investigation shows that the few cocoons (reared 
by one of Mr. Lowery *s daughters) are of an inferior Syrian race, 
having no commercial value ; that the worms were fed on lettuce, 
and that the silk, which was carded and spun, is simply interesting 
as a curiosity, but not as an article of commerce. 

The present prospects of Silk Culture, and how to establish it. — 
The paper points out the present prospects of silk culture and the 
way in which it may be established. In his report for 1877 to the 
President of the United States, the Commissioner of Agriculture 
gives tabular estimates of the value of many different products 
which wo now import from foreign countries, and which may be 
produced at home, and this shows that over $236,000,000, not in- 
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eluding additional expense for freight and commissions, are paid 
annually for Imports, all of which could and should be saved to 
the people. The item of silk alone foots up to over $23,000,000. 

In his commendable efforts to increase the productive capacity 
of the country by the encouragement of neglected industries, silk 
culture has not been overlooked by commissioner Le Due, and 
Mr. Riley expresses his gratification that his connection with the 
Department will enable him to do something for the permanent 
establishment of this industry. Which he has followed with interest 
for many years. Mr. Riley shows that the time is rife for sys- 
tematic, intelligent effort in the line of silk raising. The old 
argument, that we cannot compete with the cheap labor of Europe 
and Asia, no longer has the force it had in years gone by. With 
a large tramp element that is proving disastrous and annoying ; 
with a large portion of the population in the more crowded Eastern 
cities out of employment ; with any number of females and young 
people most anxious to earn something for a livelihood ; with the 
people of the south looking for new avenues of industry — the 
cheap labor argument can no longer be successfully made against 
silk culture. The cheap labor of foreign countries is just as 
available for cotton and other industries as for silk, and the same 
objection has at one time or another been urged against most of our 
more important industries. Our people are neither lacking in 
industry, ingenuity nor energy, and will more than make up in 
respects for the more ignorant, though cheaper, labor of other 
countries. 

But it is not a question, Mr. Riley argues, of whether we can 
compete with foreigners, either in living as cheaply or producing 
as cheaply. It is a question of adding to our own productive re- 
sources. There are hundreds of thousands of families in the 
United States to-day who would be most willing to add a few 
dollars to their annual income by giving light and easy employ- 
ment, for a few months each year, to the more aged, to the young, 
and especially to the ladies of the family, who often have no other 
means of profitably employing their time. 

This holds especially true of the people of the southern States, 
most of which are preeminently adapted to silk culture. The 
girls of the farm, who devote a little time each year to the raising 
of cocoons, may not earn as much as their brothers in the field, 
but they may earn something, and that something represents an 
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increase of income, because it provides labor to those members of 
society who, at present, too.ofben have none that is remunerative. 
Further, the raising of a few pounds of cocoons each year does 
not, and need not, materially interfere with the household and 
other duties that now engage their time, and it is by each house- 
hold raising a few pounds of cocoons, that silk culture must in the 
end be carried on in this, as it has always been in other countries. 
Large rearing establishments seldom pay. 

The white mulberry is already grown extensively in orchards in 
parts of North Carolina and elsewhere, simply for the fruit as food 
for hogs, while some persons have even found th^t it paid to raise 
silk, though the cocoons had to be shipped to Marseilles, France. 
Several bales of cocoons have been sent by Mr. £. Fasnach from 
Raleigh, N. C. , to that port for about $3.00 freight per 100 lbs. The 
bales, 6X5 feet in size, averaged about 40 lbs. of stifled cocoons, 
and brought, in 1876, $2.50 per lb. A sufficient number of cocoons 
has lately been raised in this country to have warranted brokers in 
New York in offering from $1.75 to $2.00 per lb. for them. 

Experiments that have been made in the past, and a series the 
author himself has been carrying on for the last ten years, abun- 
dantly establish the fact that the climate of the larger portion of 
the United States is admirably adapted to this culture. This is 
not only proved by the healthfulness of the worms, when intelli- 
gently fed and cared for, but by the fact that we have a larger 
number of native silk-producing insects than any other country of 
the same extent, and by the further fact, as proved by experience, 
that silk raised here is of a superior quality. 

Now, experience shows that silk culture in the past has failed 
largely because of the want of a market, and Mr. Riley maintains 
that the first thing requisite is not the dissemination of mulberry 
trees or of silk-worm eggs, but the establishment of filatures or 
reeling factories. All attempts to stimulate the industry unduly 
are hurtful. It must grow, as all other industries have grown, and 
when once firmly established, on however small a scale, there can be 
no doubt that it will grow as steadily as all other industries have 
grown when once established in this country. The difficulties met 
with in the past have not been greater than they were in France 
and other countries, which persevered until failure after failure 
was overcome. 

The great question is, how shall we encourage the production of 
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silk and the reeling thereof? There is at present no market in 
this country for cocoons., except for those which are pierced, and 
which, having to be carded and spun, bring a very low price. Nor 
will there be a market for them until some one shall engage in the 
business of reeling. Yet it would not be prudent for any business 
man to engage in reeling until he had some assurance of getting a 
supply of cocoons. Now, how to break out of this close circuit is 
the problem. Just as the manufacturing industry has been stimu- 
lated by the encouragement given it by the National Congress, so 
silk culture should be in the same manner stimulated. 

There ought to-be no real antagonism between the manufacturer 
and the producer, and our manufacturers would certainly very 
gladly purchase home-raised silk in preference to that raised 
abroad, more particularly as they find it very difficult to prevent 
fraud and deception on the part of their Asiatic dealers. Yet a 
duty on raw silk, that would encourage or stimulate the growth 
thereof ip this country, would naturally meet with the opposition 
of manufacturers, and here lies the whole difficulty. Yet it is not 
an insuperable one. Protection of a productive industry in its in- 
fancy adds to the general wealth ; protection of the manufacturing 
industry, while desirable as a fostering agency, becomes in time 
injurious to the masses by benefiting the few and encouraging mo- 
nopol}', unless wisely gauged and enacted. There is always great 
danger of unwise legislation in the interest of manufactures, brought 
about by infiuences which associated capital can always wield. 

With improved machinery, with superior labor, and the greater 
Drofits that naturally fiow from them, our silk manufacturers have 
proSi- *>ered, and their late rapid increase during a period of general 
depressK*'^n in other branches of industry, is the best evidence of 
the fact. ^ They are in a position to bear a small import duty on 
raw silk. li^' Congress will either impose such a duty, or offer 
a bounty on horfie-produced silk, and in addition give the Depart- 
ment of AgricultuKe the means to erect proper reeling machinery, 
and to introduce pro*«perly trained reelers, so as to form a nucleus 
for the reeling brancl^ of the industry, this is all, in Mr. Riley's 
opinion, just now neei.^ed from the National Legislature. The 
dissemination of propei*. information and of silk-worm eggs, may 
be left to the Departmen^t. 

Our attempt should be to encourage the culture of silk, and the 
reeling of silk, withouti^ ^ possible, affecting or injuring the 
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throwing and twisting business, which is perhaps not firmly enough 
established to be able to continue without some protection. To 
cripple or destroy or impair this industry would, of Qourse, remove 
the market of the silk-grower, and there is no absolute necessity 
for any present change in the present tariff on manufactured silks. 

Mr. Riley believes further that each state should encourage not 
only the culture of silk, but offer a bounty of, say 60 cents or $1 
per pound for the choked cocoons, and $1 or $1.50 per pound for 
reeled silk. 

Silk and the Osage Orange. — The part of the paper that is, 
perhaps, the most interesting from a scientific point, is that relat- 
ing to the production of silk fi*om the Osage orange. 

Mr. Riley has been very much interested in this part of the in- 
quiry for many years, and has raised consecutively on Madura for 
the last eight years a race or breed of worms — a cross between one 
of the best Japanese and one of the best French races — with great 
success. He found that the worms became, if anything, more and 
more healthful and hardy upon this plant. Silk, from Osage orange- 
reared worms, when fed iutelligently, was in both quality and 
quantity equal to that from mulberry-fed worms. This important 
fact is not admitted by those who have mulberry trees for sale, 
but Mr. Riley has good reason, based on experience and experi- 
ment, for the statement. This he considers a very strong point 
in favor of the United States, as, in case the mulberry trees should 
at times be cut off, as they were at the close of the multicaulls 
fever of 1839 and 1840, by mildew and disease, American silk- 
growers would, nevertheless, continue their calling by employing 
the Osage orange, which, throughout that portion of the country 
best adapted to silk culture, thrives, and is never subject to any 
such injury. Moreover, in order to commence the raising of silk, 
the average farmer will not have to wait for the growth of the 
mulberry trees, or lay out any capital therefor. 

There is au increasing interest manifested throughout the country 
on this feubject. Inquiries are constantly being received at the 
Department of Agriculture as to how to attend to the worms, and 
on all possible subjects connected with silk culture, and it is the 
intention of the Department to publish in due time, and distribute 
a comprehensive manual of instructions, which, by widely dis- 
seminating the desired information on the subject, will help to 
establish the industry. 
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Notes on the Life-histort of the Blister-beetles and on the 
Structure and Development of Hornia. By Charles V, 
Riley, of Washington, D. C. 

[ABSTRACT.] 

At the Hartford (1874) meeting of the Association, Mr. Riley 
described the newly-hatched larva of some of our common blister- 
beetles ; but all attempts to trace their habits had proved futile 
both in this and other countries until 1877, when he discovered 
that they preyed on the eggs of locusts (Acrididce). In a paper 
published in the last volume of the "Transactions of the Academy 
of Sciences," of St. Louis, the life-history of several of our com- 
mon blister-beetles is traced. The present paper gives a brief 
r6sum6 of the facts there recorded, showing that the beetles be- 
longing to the genera Epicauta and Macrohasia go through the 
same curious hypermetamorphoses as do other species of the 
family Melo'idoe^ and especially as Melo'e and Sitaris were already 
known to do. The larva hatches as an active, pale-brown, long-' 
legged creature, termed triungulin on account of its three-clawed 
tarsus. It then changes to what Mr. Riley calls the Carabidoid 
stage, in which it is white, less active and fleshy ; then to what he 
calls the Scarabmdoid stage, in which it is still more degraded 
and clumsy ; then hardens to what he calls the Coarctate larval 
stage, in which it is perfectly helpless and resembles the puparium 
of many Diptera ; then to the final larval stage, in which it is 
again white and soft and more or less active ; then to the true 
pupa state ; and, finally, to the beetle ; existing, thus, in eight dis- 
tinct states (including the egg), instead of the four in which ordi- 
nary insects occur. 

The paper is principally devoted, however, to the life-history of 
a very anomalous, wingless genus of this family, the Hornia minu- 
tipennis Riley. This insect is degraded and subterranean, and 
was found in the cells of a common mason bee, the Anthopkora 
abrupta^ Say. Its life- history, which was not known at the time 
the species was described, has been completely made out by Mr. 
Riley the present summer. The eggs, which are laid loosely in 
the burrows of the bee, hatch during the early part of June. The 
triungulin is extremely active, and, in all essential characters, 
very similar to that of Sitaris^ one species of which, in Europe, 
likewise develops in the cells of Anthophora, By means of its 
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tarsal claws and a pair of pre-anal spinnerets and claspers, it 
holds on very tenaciously to the hairs of the bee, and is carried 
on the same into the bee-burrow. When the bee-egg is laid, and 
before the cell is capped over, this triungulin disengages itself 
from the bee and at once pounces upon the bee-egg. Afler having 
sucked the contents of this last it throws off the triungulin skin 
and assumes the carabidoid stage ; thereafter feeds upon the honey- 
paste stored by the bee, and, within the cell, goes through all the 
hypermetamorphoses characteristic of the family. All the later 
stages, however, take place within the puffed skin of the scaraboei" 
doid larva, the coarctate larva skin being well separated therefrom, 
and the third or final larva skin, which is very delicate, as well as 
the pupa skin, being worked off posteriorly where they are found 
in a shrunken compressed mass. There is but one brood annually ; 
the pupa state being attained in August, and the beetle maturing 
all its parts during the autumn, and lying within its coverings 
until the following May. 

The paper contains some interesting details as to the effects of 
rain both on the bee larva and the Hornia larva ; on the vicissi- 
tudes that befall the triungulin, its fratricidal propensities when 
two or more are inclosed in the same cell, and on its adaptability 
to varying amounts of food-supply. 



On THE Larval Characteristics op Cortdalus and Chauliodes 
AND on the Development of Cortdalus cornutus. By C- 
V. RiLET, of Washington, I>. C. 

[ABSTRACT.] 

The paper relates to the development of one of the most singu- 
lar and interesting of North American insects — the largest of the 
order Neuroptera. In its perfect state this insect is a great, 
clumsy, nocturnal fly, popularly called Hellgrammite, and charac- 
terized by the jaws of the male being converted into a pair of 
long, curved, cylindrical, and tapering prehensile organs, like the 
finger of a grain cradle. In the larva state it is aquatic and much 
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Southern, Middle and New England States, and especially about 
Mansfield, Connecticut, were successful, and how the industry has 
flourished under the stimulus, at times, of State aid. He traces 
the causes of failure in the past, and the point is strongly brought 
out that they were all transient, not piermanent ones. 

Speaking of silk culture, Peter Delabogie, in an address pub- 
lished in the very first volume of the Agricultural Transactions of 
the State of New York (1801), said: 

^^ Gentlemen: You have in your hands all the means requisite 
for success and for enriching yourselves with the culture of silk. 
It remains with you to compare and judge your many attempts in 
it, and discover wherein they have been defective." 

Mr. Riley points out wherein the first attempts have been 
defective, and have consequently failed. Every writer, who has 
given the subject thorough consideration, has been of the opinion 
that there are no absolute obstacles in the way of silk culture in 
this country. 

Mr. A. T. Lillie, in an admirable review of the silk industry in 
the United States, from 1766 to 1874, drawn up largely from 
personal reminiscences, says : " The production of raw silk in this 
country, which, in 1828, amounted in Mansfield alone to 3200 
pounds, and which ceased entirely in 1844, has since been revived 
in California, meeting thiBre with modified success. There is no 
good reason why it should not be again extended throughout the 
United States. Sinc^ the introduction of the mulberry seed by 
Dr. Aspinwall in 1766, the history of this culture has been: 
pregnant with encouragement, and only a fortuitous conjunction 
of misfortunes checked it." 

Review of the attempts at Silk Culture during the past decade.^ 
Speaking of the attempts of M. Provost in California, which is 
conceded to be by climate eminently adapted to the growth of the* 

« 

mulberry, and the rearing of the worms, Mr. Riley attributes 
much of the want of permanent success, which followed the efforts 
made at San Bernadino, to the extravagant statements and excessive 
enthusiasm, verging on fanaticism, which characterized all of M. 
Provost's writings and utterances. "Had he been as prone to 
report failure as he was to magnify success, there would not have 
been a re-active depression, which was as unnatural as was the 
over-enthusiasm." M. Provost's little work, "The California 
Silk-Grower'3 Manual," was better calculated to induce another 



BY CHARLES V. RILEY. 279 

multicaulis fever than healthily to stimulate silk industry. '' Its 
exaggerated pictures and immoderate statements annul what little 
value it did possess, and earn for its author the name of hlagueur^ 
which has been applied to him in France."^ 

Speaking of the effort of M. E. V. Boissiere, at Silkville, in 
Franklin County, Kansas, Mr. Riley expresses the highest appre- 
ciation of the intelligent attempts of the founder of that silk 
colony. The industry has, however, lagged, for the simple reason 
that it has been found less profitable than stock-raising and other 
general farming operations. M. Crozier, who has had charge of 
the silk establishment lately, has also found that the sale of eggs 
and the sale of mulberry cuttings are more profitable than the 
reeling and manufacture of the silk, and there is great danger that, 
from self-interest, greater harm than good will eventually come 
from this Kansas attempt. M. Crozier is now making every 
effort to encourage the purchase of his mulberry trees, an attempt 
which must be as injurious as it is premature, because it is stimu- 
lating an unnatural demand for the trees, in face of the fact — 
shown by his own experience — that there is no profit yet to be 
derived from the production of the cocoons. 

Very much the same may be said of other efforts that have been 
highly applauded without suflacient cause, and of plans prematurely 
and glowingly reported. As an instance Mr. Riley mentions the 
accounts that have recently been published of the success attend- 
ing the efforts of Mr. S. Lowery, of Huntsville, Alabama, who is 
reported to have successfully raised and spun and utilized the silk, 
and who is said to contemplate establishing an industrial academy 
for silk culture. Investigation shows that the few cocoons (reared 
by one of Mr. Lowery's daughters) are of an inferior Syrian race, 
having no commercial value ; that the worms were fed on lettuce, 
and that the silk, which was carded and spun, is simply interesting 
as a curiosity, but not as an article of commerce. 

The present prospects of Silk Culture^ and how to establish it. — 
The paper points out the present prospects of silk culture and the 
way in which it may be established. In his report for 1877 to the 
President of the United States, the Commissioner of Agriculture 
gives tabular estimates of the value of many different products 
which we now import from foreign countries, and which may be 
produced at home, and this shows that over $236,000,000, not in- 

^4thMo.Ent. Rep. 
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eluding additional expense for freight and commissions, are paid 
annually for imports, all of which could and should be saved to 
the people. The item of silk alone foots up to over $23,000,000. 

In his commendable efforts to increase the productive capacity 
of the country by the encouragement of neglected industries, silk 
culture has not been overlooked by commissioner Le Due, and 
Mr. Riley expresses his gratification that his connection with the 
Department will enable him to do something for the permanent 
establishment of this industry, ^ich he has followed with interest 
for many years. Mr. Riley shows that the time is rife for sys^ 
tematic, intelligent effort in the line of silk raising. The old 
argument, that we cannot compete with the cheap labor of Europe 
and Asia, no longer has the force it had in years gone by. With 
a large tramp element that is proving disastrous and annoying ; 
with a large portion of the population in the more crowded Eastern 
cities out of employment ; with any number of females and young 
people most anxious to earn something for a livelihood ; with the 
people of the south looking for new avenues of industry — the 
cheap labor argument can no longer be successfully made against 
silk culture. The cheap labor of foreign countries is just as 
available for cotton and other industries as for silk, and the same 
objection has at one time or another been urged against most of oar 
more important industries. Our people are neither lacking in 
industry, ingenuity nor energy, and will more than make up in 
respects for the more ignorant, though cheaper, labor of other 
countries. 

But it is not a question, Mr. Riley argues, of whether we can 
compete with foreigners, either in living as cheaply or producing 
as cheaply. It is a question of adding to our own productive re- 
sources. There are hundreds of thousands of families in the 
United States to-day who would be most willing to add a few 
dollars to their annual income by giving light and easy employ- 
ment, for a few months each year, to the more aged, to the young, 
and especially to the ladies of the family, who often have no other 
means of profitably employing their time. 

This holds especially true of the people of the southern States, 
most of which are preeminently adapted to silk culture. The 
girls of the farm, who devote a little time each year to the raising 
of cocoons, may not earn as much as their brothers in the field, 
but they may earn something, and that something represents an 
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increase of income, because it provides labor to those members of 
society who, at present, too.often have none that is remunerative. 
Further, the raising of a few pounds of cocoons each year does 
not, and need not, materially interfere with the household and 
other duties that now engage their time, and it is by each house- 
hold raising a few pounds of cocoons, that silk culture must in the 
end be carried on in this, as it has always been in other countries. 
Large rearing establishments seldom pay. 

The white mulberry is already grown extensively in orchards in 
parts of North Carolina and elsewhere, simply for the fruit as food 
for hogs, while some persons have even found th^t it paid to raise 
silk, though the cocoons had to be shipped to Marseilles, France. 
Several bales of cocoons have been sent by Mr. E. Fasnach from 
Raleigh, N. C, to that port for about $3.00 freight per 100 lbs. The 
bales, 6 X ^ feet in size, averaged about 40 lbs. of stifled cocoons, 
and brought, in 1876, $2.50 per lb. A sufficient number of cocoons 
has lately been raised in this country to have warranted brokers in 
New York in oflTering from $1.75 to $2.00 per lb. for them. 

Experiments that have been made in the past, and a series the 
author himself has been carrying on for the last ten years, abun- 
dantly establish the fact that the climate of the larger portion of 
the United States is admirably adapted to this culture. This is 
not only proved by the healthfulness of the worms, when intelli- 
gently fed and cared for, but by the fact that we have a larger 
number of native silk-producing insects than any other country of 
the same extent, and by the further fact, as proved by experience, 
that silk raised here is of a superior quality. 

Now, experience shows that silk culture in the past has failed 
largely because of the want of a market, and Mr. Riley maintains 
that the first thing requisite is not the dissemination of mulberry 
trees or of silk-worm eggs, but the establishment of filatures or 
reeling factories. All attempts to stimulate the industry unduly 
are hurtful. It must grow, as all other industries have grown, and 
when once firmly established, on however small a scale, there can be 
no doubt that it will grow as steadily as all other industries have 
grown when once established in this country. The difficulties met 
with in the past have not been greater than they were in France 
and other countries, which persevered until failure after failure 
was overcome. 

The great question is, how shall we encourage the production of 
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silk and the reeling thereof? There is at present no market in 
this country for cocoons^ except for those which are pierced, and 
which, having to be carded and spun, bring a very low price. Nor 
will there be a market for them until some one shall engage in the 
business of reeling. Yet it would not be prudent for an}' business 
man to engage in reeling until he had some assurance of getting a 
supply of cocoons. Now, how to break out of this close circuit is 
the problem. Just as the manufacturing industry has been stimu- 
lated by the encouragement given it by the National Congress, so 
silk culture should be in the same manner stimulated. 

There ought to 'be no real antagonism between the manufacturer 
and the producer, and our manufacturers would certainly very 
gladly purchase home-raised silk in preference to that raised 
abroad, more particularly as they find it very diflScult to prevent 
fraud and deception on the part of their Asiatic dealers. Yet a 
duty on raw silk, that would encourage or stimulate the growth 
thereof ip this country, would naturally meet with the opposition 
of manufacturers, and here lies the whole difl3culty. Yet it is not 
an insuperable one. Protection of a productive industry in its in- 
fancy adds to the general wealth ; protection of the manufacturing 
industry, while desirable as a fostering agency, becomes in time 
injurious to the masses by benefiting the few and encouraging mo- 
nopoly, unless wisely gauged and enacted. There is always great 
danger of unwise legislation in the interest of manufactures, brought 
about by influences which associated capital can always wield. 

With improved machinery, with superior labor, and the greater 
profits that naturally flow from them, our silk manufacturers have 
prospered, and their late rapid increase during a period of general 
depression in other branches of industry, is the best evidence of 
the fact. They are in a position to bear a small import duty on 
raw silk. If Congress will either impose such a duty, or offer 
a bounty on home-produced silk, and in addition give the Depart- 
ment of Agriculture the means to erect proper reeling machinery, 
and to introduce properly trained reelers, so as to form a nucleus 
for the reeling branch of the industry, this is all, in Mr. Riley's 
opinion, just now needed from the National Legislature. The 
dissemination of proper information and of silk-worm eggs, may 
be left to the Department. 

Our attempt should be to encourage the culture of silk, and the 
reeling of silk, without, if possible, affecting or injuring the 
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throwing and twisting business, which is perhaps not firmly enough 
established to be able to continue without some protection. To 
cripple or destroy or impair this industry would, of course, remove 
the market of the silk-grower, and there is no absolute necessity 
for any present change in the present tariff on manufactured silks. 

Mr. Riley believes further that each state should encourage not 
only the culture of silk, but offer a bounty of, say 50 cents or $1 
per pound for the choked cocoons, and $1 or $1.50 per pound for 
reeled silk. 

Silk and the Osage Orange. — The part of the paper that is, 
perhaps, the most interesting from a scientific point, is that relat- 
ing to the production of silk from the Osage orange. 

Mr. Riley has been very much interested in this part of the in- 
quiry for many years, and has raised consecutively on Madura for 
the last eight years a race or breed of worms — a cross between one 
of the best Japanese and one of the best French races — with great 
success. He found that the worms became, if anything, more and 
more healthful and hardy upon this plant. Silk, from Osage orange- 
reared worms, when fed iutelligently, was in both quality and 
quantity equal to that from mulberry-fed worms. This important 
fact is not admitted by those who have mulberry trees for sale, 
but Mr. Riley has good reason, based on experience and experi- 
ment, for the statement. This he considers a very strong point 
in favor of the United States, as, in case the mulberry trees should 
at times be cut off, as they were at the close of the multicaulis 
fever of 1839 and 1840, by mildew and disease, American silk- 
growers would, nevertheless, continue their calling by employing 
the Osage orange, which, throughout that portion of the country 
best adapted to silk culture, thrives, and is never subject to any 
such injury. Moreover, in order to commence the raising of silk, 
the average farmer will not have to wait for the growth of the 
mulberry trees, or lay out any capital therefor. 

There is aij increasing interest manifested throughout the country 
on this feubject. Inquiries are constantly being received at the 
Department of Agriculture as to how to attend to the worms, and 
on all possible subjects connected with silk culture, and it is the 
intention of the Department to publish in due time, and distribute 
a comprehensive manual of instructions, which, by widely dis- 
seminating the desired information on the subject, will help to 
establish the industry. 
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Notes on the Life-histort of the Blisteb-beetles and ok thb 
Structube and Deyelopment of Hobnia. By Charles V* 
RiLET, of Washington, D. C. 

[AB8TEACT.] 

At the Hartford (1874) meeting of the Association, Mr. Riley 
described the newly-hatched larva of some of our common blister- 
beetles ; bat all attempts to trace their habits had proved futile 
both in this and other coantries until 1877, when he discovered 
that they preyed on the eggs of locusts (Acrididoe). In a paper 
published in the last volume of the ^^Transactions of the Academy 
of Sciences," of St. Louis, the life-history of several of our com- 
mon blister-beetles is traced. The present paper gives a brief 
r6sum6 of the facts there recorded, showing that the beetles be- 
longing to the genera EpicatUa and Macrobasis go through the 
same curious hypermetamorphoses as do other species of the 
family Melo'idoe, and especially as Melo'e and Sitaris were already 
known to do. The larva hatches as an active, pale-brown, long-' 
legged creature, termed triungulin on account of its three-clawed 
tarsus. It then changes to what Mr. Biley calls the Carabidoid 
stage, in which it is white, less active and fleshy ; then to what he 
calls the Scardboeidoid stage, in which it is still more degraded 
and clumsy ; then hardens to what he calls the Coarctate larval 
stage, in which it is perfectly helpless and resembles the puparium 
of many Diptera ; then to the final larval stage, in which it is 
again white and sofb and more or less active; then to the true 
pupa state ; and, finally, to the beetle ; existing, thus, in eight dis- 
tinct states (including the egg)^ instead of the four in which ordi- 
nary insects occur. 

The paper is principally devoted, however, to the life-history of 
a very anomalous, wingless genus of this family, the Homia mint^ 
tipennis Klley. This insect is degraded and subterranean, and 
was found in the cells of a common mason bee, the Anthophora 
abrupta, Say. Its life-history, which was not known at the time 
the species was described, has been completely made out by Mr. 
Riley the present summer. The eggs, which are laid loosely in 
the burrows of the bee, hatch during the early part of June. The 
triungulin is extremely active, and, in all essential characters, 
very similar to that of SitariSy one species of which, in Europe, 
likewise develops in the cells of Anthophora. By means of its 
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tarsal claws and a pair of pre-anal spinnerets and claspers, it 
holds on very tenaciously to the hairs of the bee, and is carried 
on the same into the bee-burrow. When the bee-egg is laid, and 
before the cell is capped over, this triungulin disengages itself 
from the bee and at once pounces upon the bee-egg. After having 
sucked the contents of this last it throws off the triungulin skin 
and assumes the carabidoid stage ; thereafter feeds upon the honey- 
paste stored. by the bee, and, within the cell, goes through all the 
hypermetamorphoses characteristic of the family. All the later 
stages, however, take place within the puffed skin of the scarabcei' 
doid larva, the coarctate larva skin being well separated therefrom, 
and the third or final larva skin, which is very delicate, as well as 
the pupa skin, being worked off posteriorly where they are found 
in a shrunken compressed mass. There is but one brood annually ; 
the pupa state being attained in August, and the beetle maturing 
all its parts during the autumn, and lying within its coverings 
until the following May. 

The paper contains some interesting details as to the effects of 
rain both on the bee larva and the Hornia larva ; on the vicissi- 
tudes that befall the triungulin, its fratricidal propensities when 
two or more are inclosed in the same cell, and on its adaptability 
to varying amounts of food-supply. 



On the Larval Characteristics op Corydalus and Chauliodes 
AND on the Development op Corydalus corndtus. By C. 
V. Riley, of Washington, Eh C. 

[ABSTRACT.] 

The paper relates to the development of one of the most singu- 
lar and interesting of North American insects — the largest of the 
order Neuroptera. In its perfect state this insect is a great, 
clumsy, nocturnal fly, popularly called Hellgrammite, and charac- 
terized by the jaws of the male being converted into a pair of 
long, curved, cylindrical, and tapering prehensile organs, like the 
finger of a grain cradle. In the larva state it is aquatic and much 
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esteemed as fish-bait by fishermen, who call it a "crawler," "dob- 
son," etc. Indeed, one of the most popular artificial fish-baits is 
a patent india-rubber imitation of it. This larva is very peculiar 
in having in its later stages three distinct sets of breathing 
organs, viz. : the ordinary spiracles, a lateral series of long, single 
branchial filaments, and a ventral series of spongy branchiae, com- 
posed of numerous branching and tractile filaments. The eggs of 
this insect are laid, to the number of about three thousand, in 
curious masses on the leaves and branches of trees, or upon any 
other object overhanging water, and were first described by Mr. 
Riley at the Buffalo (1876) meeting of the Association. After 
comparing the eggs with those in the female abdomen, and the 
newly hatched with the mature larva, he felt quite certain as to 
the parentage of the curious eggs. Yet the newly hatched larva 
which he described differed from the mature larva in lacking the 
ventral branchise, resembling in this respect the mature form of 
another aquatic larva of an allied genus {Chauliodes), and as some 
leading entomologists believed that the eggs described by Mr. 
Riley might belong to this last genus, further evidence as to the 
real nature of said eggs was desirable. The paper presents this 
evidence and confirms the previous determination. The Corydalus 
larva is traced through its stages of growth and then compared 
with that of Chaidibdes. Several interesting scientific facts are 
brought out. The larva undergoes about six molts. The double 
nature of the thoracic tracheae in Corydalus appears in the first 
larval stage, and the branchial nature of the lateral filaments is 
proved by the tracheae leading to their tips. The ventral bran- 
chiae first appear in the second stage (after first molt) and from 
three main stems each with bifurcate or trifurcate filaments. The 
branching filaments become more and more numerous and com- 
plex with each molt. The tracheae also lead more and more 
strongly to these ventral branchfte and less strongly to the lateral 
ones, with age. The stigmata are obsolete in the first three stages 
and in the fourth are only clearly distinguishable on the four or 
five larger abdominal joints, being still obsolete on the terminal 
ones. 

The motion of the larva is invariably backwards. When newly 
hatched it moves actively about in the water by sudden sweeps of 
the abdomen beneath, very much as a lobster is known to do ; and 
even, when full grown, a somewhat similar motion is employed in 
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swimming. In the water a constant motion of the ventral bran- 
chial tufts is kept up, the main stem being first moved quickly 
backward and upward so as to bring the whole tuft close to the 
body, the filaments of which it is composed being then closely ap- 
pressed to each other. The main stem is then brought more 
slowly down in the opposite direction, wh^n the filaments spread 
and enlarge the whole to its utmost. In pure water the motion 
occurs about once a second; as the water becomes impure the 
motion becomes more rapid and the larva issues from the water 
as soon as possible, being aljle to live out of water for several 
days even when only two-thirds grown. 

The paper gives detailed comparative descriptions of the Cory^ 
dolus and the Chauliodes larvae. This last may always be distin- 
guished from the former by having a smooth and unarmed skin ; 
that of Corydalus has a skin roughened with granulations and 
capitate or clavate projections (overlooked by previous describers), 
the little projections being visible even in the first stage, at which 
time they are less capitate. The Chaidiodes larva has the last 
pair of spiracles on the tips of a pair of contractile filaments de- 
scribed as setae by Walsh, who failed to apprehend their real 
nature and wrongly described the Chauliodes larva as having one 
pair of spiracles less and one abdominal joint less than that of 
Corydalus, whereas both larvae have the same number of joints and 
spiracles and both possess the rudimentary mesothoracic spiracle, 
which Mr. Riley finds more common in insects than is generally 
supposed. In other structural respects, as well as in habits and 
transformations, the two larvae greatly resemble each other. The 
eggs of Chauliodes have a longer tubercle or stem on the top, and 
are not covered with white albuminous material as are those of 
Corydalus. Mr. Riley has obtained large additional numbers of 
the egg masses of the latter the present summer, finding them not 
only on the leaves as described in his former paper, but on the 
•stems of different trees, as well as on rocks overhanging water. 
He has had as many as twenty egg masses on a single maple leaf, 
both sides of the leaf being completely plastered up by them ; and 
as a large number of these masses will generally be found in some 
one particular locality, or on a few branches of the same tree, the 
assumption is that the females congregate for purposes of ovi posi- 
tion. The white, albuminous substance covering these eggs shows 
by analysis that it has all the physical properties of wax. 
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Biological Notes oh the Gall-making Pbhphigin^. By Chas. 
V. Rilet, of Washington, D. C. 

[AB8TBACT.] 

The life-history and agamic multiplication of the plant-lice 
{Aphididoe) have always excited the interest of entomologists 
and even of anatomists and embryologists not specially interested 
in insects. The life-history, however, of the gall-making species 
belonging to the Pemphiginoe has baffled the skill of observers 
more than that of any other group. - 

Mr. Riley is about to publish some new biological discoveries 
relating to this family of insects, in connection with a descriptive 
paper by Mr. J. Monell, of the St. Louis Botanic Gardens. The 
paper laid before the Association simply records some of the yet 
unpublished facts discovered. 

All of the older writers in treating of the different gall-producing 
Pemphiginoe of Europe have invariably failed to trace the life- 
history of the different species after the winged females leave the 
galls, and, with few exceptions, have erroneously inferred that 
the direct issue from the winged females hibernates somewhere. 
The most recent production on the subject is a paper published 
the present year in Cassel, Germany, by Dr. H. F. Kessler, enti- 
tled the "Life-History of the Gall-Making Plant-Lice, affecting 
Ulmus campestris" The author, by a series of ingenious experi- 
ments, rightly came to the conclusion that the insects hibernate 
on the trunk, but he failed to discover in what condition they so 
hibernate. 

Led by his previous investigations into the habits of the Grape 
Phylloxera, Mr. Riley discovered, in 1875, that some of our elm- 
feeding species of Pemphiginoe produce wingless and mouthless 
males and females, and that the female lays but one solitary im- 
pregnated egg. Continuing his observations, especially during 
the present summer, he has been able to trace the life-history of 
those species producing galls on our own elms, and to show that 
they all agree in this respect, and that the impregnated egg pro- 
duced by the female is consigned to the sheltered portions of the 
trunk of the tree, and there hibernates — the issue from it being 
the stem-mother which founds the gall-inhabiting colony the ensu- 
ing spring. 

Thus the analogy in the life-history of the Pemphiginoe and the 
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PJiylloxerce is established, and the question as to what becomes 
of the winged insects after they leave the galls is no longer an 
open one. They instinctively seek the bark of the tree and there 
give birth to the sexual individuals, either directly, or through 
intervening generations. 



On the Osteology of Sciuropterus volucella, Geoff. By 
George H. Perkins, of Burlington, Vt. 

[abstract.] 

The results of an examination of about a dozen specimens of 
the flying squirrel (Sciuropterus volucella, Geoff.) are given in the 
paper of which the following pages form an abstract. 

In general it may be noticed that the cranium soon after birth 
is of a conical form, with large triangular fontanelles. As the 
age increases the form of the skull becomes less evidently con- 
ical, the cranial portion grows longer and the facial wider. In 
specimens not more than two or three months old the upper 
surface of the skull is strongly convex, but in adult specimens it 
is usually flat. In the former, the highest part of the skull is 
just behind the coronal suture, and from there the surface slopes 
regularly backwards and forwards, but in the latter the skull is 
highest in front of the coronal suture just back of the post-orbital 
processes. In young specimens the parietals form a not incon- 
siderable part of the lateral portion of the skull, while in adult 
specimens they form little or no part of this portion of the skull, 
and in young specimens each parietal is little longer than wide, 
but in adults it is very much longer. Similar changes take place 
in the form of the frontals. In the young these bones are gibbous 
between the coronal suture and the post-orbital processes, and 
depressed in front of the latter,* especially at the nasal suture ; but 
in adults there is little depression at this point and little elevation 
at the other, and the nasal end, at first much narrower than the 
other, becomes at length quite as wide. The nasals change less 
than either the parietals or frontals. 

A. A. A. S., VOL. XX VU. 19 
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As seen fh>m below, the differences between old and young 
skulls are less obvious than when seen from above. In adult 
specimens the width across the zygomas is nearly two-thirds of 
the length of the skull, and the greatest height is about three- 
sevenths of the length, and these proportions were constant in all 
the specimens examined. Removing the zygomas we find that the 
circumference of the skull regularly increases from the front to 
the base, but the large size behind is due chiefly to the large 
auditory bullae ; leaving these out of account the circumference is 
greatest just in front of the glenoid fossae. The base of the skull 
is oval and rather more than half as high as wide. 

Bones of the Cranium. The hasi-ocdpital unites quite early 
with the surrounding bones, but in young specimens it is seen to 
be tapering in front and longer than broad. It bears a distinct 
spine at the foramen and from this a crest runs forward until it 
blends with the surface. The ea?- and par-occipitcUs are united at 
birth and soon after the basi^ and supra-occipUals coalesce with 
them. The ex-occipitcds form the whole of the condyles. The 
supra-occipitcd forms a large part of the base of the skull but 
does not extend over the upper part. The basi-sphenoid, pre- 
sphenoid and pterygoids are united very early, and the vomer, ali- 
sphenoids, orbito-sphenoids and palatines are distinct only in very 
young specimens. The squamosals are of very irregular form and 
occupy a large portion of the lateral part of the skull. The zygo- 
matic process is broadly triangular and stands directly outwards 
at first, but soon turns forwards and downwards. It forms but a 
small portion of the zygoma not extending beyond the glenoid 
fossa. This fossa is rather deep, longer than broad, its outer 
margin is deep and formed chiefly by the malar. There is no 
glenoid process. 

The periotic, owing to the large tympanic and mastoid bullae, is 
large, thick, and in general, of oval outline. It is largely over- 
lapped by the squamosals, to a less extent by the supra-occipital, 
which is very early united with it. In very young specimens the 
tympanic is separable as a delicate ring reaching about two-thirds 
around the meatus. The mastoid bulla is not large and is of ir- 
regular form, while the tympanic bulla is very large, and reniform 
in shape. The meatus is very large, of ovate outline externally 
and situated near the centre of the external wall of the periotic. 
The parietals are, in general outline, trapeziform, nearly as wide as 
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long, and rather wider in front than behind. They are thin, deli- 
cate bones. They form very little of the lateral wall of the* cra- 
nium, being chiefly confined to the upper part. The sagittal suture 
is indistinct, except in young specimens. In specimens less than 
three months old there is a distinct interparietal of a broadly tri- 
angular form, emarginate behind and extending anteriorly about a 
third of the length of the sagittal suture. The frontals, viewed from 
above, are long, narrow bones wliich coalesce quite early. The up- 
per surface is almost entirely fiat. The lateral portion bends down 
almost at a right angle with the superior portion, to form a large 
part of the orbit. The anterior and posterior borders of this 
portion approach each other until, at the orbito-sphenoid, they meet 
in a short point which is wedged in between that bone and the 
maxillary. The nasals are long, narrow, increasing greatly in 
width anteriorly and extending somewhat beyond the premaxilla- 
ries. Together they are spatulate, strongly arched in front and of 
large size. The premaxillaries are very large, quadrangular, 
widest above, and occupy much of the space usually occupied by 
the maxillaries. Above they extend back to meet the frontals. 
Along the median line of the palatine portion runs the usual ridge, 
and on either side are the anterior palatine foramina^ which are very 
long and narrow and terminate at the suture with the maxillaries. 
The maxillaries, being greatly modified by the great development 
of the premaxillaries, form no part of the superior portion of the 
cranium. The zygomatic process is very large, triangular, thin, 
and with a nearly flat anterior surface. The malar is nearly hori- 
tal in situ, when detached it is shaped like an italic /. It is com- 
pressed laterally in the middle and is stout and forms the chief 
portion of the zygoma. The pterygoids are very delicate bones, and 
their short hamular processes reach back nearly to the auditory 
bullaB. The palatines and vomer present no peculiar features ; the 
wing-like processes of the latter extend upwards and backwards 
and are half as long as the entire bone. They are thin and flat, 
and bear at the end delicate transverse processes. The ethmo-tur' 
binal is also .a very delicate bone shaped much like the sternum of 
a passerine bird. The mesethmoid is a quadrant-shaped lamina 
extending for more than half its length beyond the turhinaXs. 
These latter are pyramidal in form and largely developed. The 
mandible is compact, short, and in very young specimens, shows 
three parts. The rami unite by simple chondrosis without sutural 
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interlocking. The coronoid process is a sharp, slender point, 
reaelfing somewhat above the condyle. The pterygoid and masse- 
teric fossae, are large and deep. The angular process is wide, deep 
and somewhat incurved below. In young specimens the rami are 
relatively longer, narrower and more divergent than in the adult 
and have less oblique coronoids, narrower angular processes and 
shallower fossse. As the growth of the condylar portion proceeds, 
the increase is chiefly in height.' The teeth present the usual 
characters of the Sciuridae. 

The Vertebral Column. — Cervical Vertebrae, These are firmly 
interlocked and allow little motion, except in a vertical plane. 
The atlas is very large and strong, greatly exceeding in size any 
of the rest. The condylar surfaces are oblong, oval, oblique, the 
outer border much elevated and together they form a deep cup- 
like cavity in which the head rests securely, though with consider- 
able freedom of motion. The vertebrarterial foramen is large. 
There is also a large perforation for the exit of the first spinal 
nerve. The axis is chiefly noticeable for its enormous spinous 
process, which projects both anteriorly and posteriorly over 
the neural arch. The remaining five vertebrae are quite similar { 
in each the neural canal grows broader and lower than it is in that 
in front ; the body remains with little change, the transverse pro- 
cesses, which in the atlas are mere tubercles, grow longer as we go 
towards the last. The neural spine suddenly becomes small back 
of the axis and gradually disappears at the seventh vertebra. The 
pre- and post-zygapophyses are prominent. All the transverse 
processes, except those of the first and seventh vertebrae, bear 
each an inferior lamella, which, in the second, third and fourth, is 
a thin plate, but in the fifth and sixth becomes much larger and 
somewhat claw-shaped. 

Dorsal Vertebrae . As the seventh cervical presents many of the 
characters of the dorsal vertebrae, the transition from one group to 
the other is not abrupt. Taken together the twelve dorsals 
present a sigmoid curve with greatest freedom of motion in the 
anterior five or six. When the back is hunched, as it is in the 
ordinary position of the animal as it eats, holding its food in its 
paws, the chief motion is at the junction of the last cervical and 
first dorsal and last dorsal and first lumbar, two or three of the 
adjacent vertebrae in each case partaking more or less in the move- 
ment. In the first dorsal the transverse processes become much 
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larger and are no longer pointed, but truncate at the ends. The 
neural arch bears a short, lamellar spine in the first dorsal, which 
is much larger in the second, and after this becomes longer and 
inclined more and more obliquely until the eighth is reached, when 
a change occurs and in the ninth it is shorter and more vertical. 
All preceding the ninth have the transverse processes and post- 
zygapophyses forming a common projection, bifid at the tip, but 
in the ninth the transverse processes are long, thin laminae, T- 
shaped at the end, and in the tenth they are stout and bent back- 
ward so as to embrace the pre-z^^gapophyses of the eleventh. This 
and the twelfth are much larger than any that precede them. The 
neural arch of the dorsals increases in width until, in the tenth, it 
is three times as wide as in the first. It does not increase gradu- 
ally, but irregularly, being pf the same width in several, then sud- 
denly growing larger, and then in two or three vertebrae remaining 
unchanged, and then again growing larger and so on. 

The seven lumbar vertebrce form a strongly interlocked series, 
bearing each a thin spine, which is largest on the sixth and seventh. 
There are anapophyses upon all except the last two, but none bear 
hypopophyses. There are well developed metapophyses, these 
being stouter than the transverse processes. The bodies of all 
are strongly convex laterally above and below and concave longi- 
tudinally. 

The sacrum is a long, narrow bone made up of three anchylosed 
vertebrae, the first beiug nearly twice as large as the other two. 
The neural spines are long, upright and conspicuous. The first 
sacral vertebra is broader than any other in the whole series, and 
its transverse processes bear large synchondrosial surfaces, to 
which the innominate bones are wholly attached, but the transverse 
processes of the second are confluent with this, and those of the 
third with the second. The neural canal is abruptly contracted in 
passing from the dorsal to the sacral vertebrae. 

There are twenty caudal vertebrce. The first four are alike in 
form and size, but with the fifth the body begins to elongate and 
the processes to diminish, and at the eighth the latter have nearly 
disappeared. The neural canal disappears at the sixth. The 
bodies increase as far as the ninth and in this and the next two 
are of nearly equal size. After the eleventh the body grows 
shorter and more slender until the last is reduced to a mere rod of 
the same length as the first. From the sixth to the twelfth the 



% 



294 OSTEOLOGY OF SCIUROPTEBUS YOLUCELLA ; 

processes gradually disappear and are almost wholly obliterated 
at the twelfth. 

There are chevron hones between each pair of vertebrae from the 
third to the fourteenth. They vary in form and size — the first 
being slender and Y-shaped, while those that follow are less and 
less so, the sides becoming more and more parallel with an oval 
aperture. In all there are eleven. The third is largest. 

Bones of the Trunk. The thorax is of a conical form, its an- 
tero-posterior diameter is much less than its transverse. There 
are twelve pairs of ribs seven of which are attached directly to the 
sternum, the other five to each other ; the attachment of the last 
two is more slight than that of the rest, but none can rightly be 
called free. The stemal ribs are all more or less ossified. The 
vertebral ribs increase in length to the seventh, beyond which they 
decrease, while the curvature is greatest at the fifth. 

The sternum consists of six parts : a broadly triangular pre- 
stemum^ a mesostemum of four linear bones, and a linear xiphis- 
ternal bone to which is added a spatulate xipJioid cartilage, which 
is thin and flat. 

Bones of the Fore Limbs. The scapiUa is triangular. The 
coracoid border is much shorter than the glenoid. The post-scap- 
ular fossa is very deep and narrow, while the pre-scapular fossa is 
deltoid, wider and shallower. . From the acromion to the supra- 
scapular border runs a high, thin spine. The acromion is large 
and projects over the glenoid, from which it is separated by a deep 
notch which appears like a continuation of the post-scapular fossa. 
The coracoid is prominent, little curved, bends obliquely inwards 
and downwards. The glenoid cavity is shaped like the bowl of a 
spoon and is narrowest above. The clavicle is a compressed, nearly 
sU'aight bone, thinnest and widest at the acromial end and some- 
what dilated at the sternal. The humerus is stout, rather long, bent 
slightly at each end with the main shaft straight. The head is large 
and without a neck. The bicipital groove is very slightly developed, 
nor are the tuberosities large. The deltoid ridge is high and sharp, 
but extends only about one-third of the length of the bone. The 
supinator ridge is much longer than the deltoid and winds around 
the shaft from the condyle, making about half a turn, disappearing 
a little below the middle of the posterior side of the bone. A 
supra-trochlear foramen is present in some specimens and not in 
others. The vlna is very slender^ much longer than the radius, 
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with a very large olecranon. Above the coronoid the bone is flat- 
tened laterally and is thick and heavy. The olecranon is very 
large, its inner surface flat, but the outer bevelled so that a thin 
crest runs obliquely along the top and down to a point opposite 
the sigmoid excavation. Its general position is oblique with refer- 
ence to the shaft, and the coronoid projecting obliquely inwards 
and the olecranon outwards the sigmoid is very oblique. The 
radius is shorter than the ulna and much stouter. The lower por- 
tion of the shaft is nearly straight ; a little above the middle it is 
bent forwards, but above the tubercle it is again straight. In su- 
pination the lower part lies parallel with the ulna, while in prona- 
tion the bones cross, though not to a very great extent. 

There are seven carpal bones, the scaphoid and lunare being 
united. The wrist is strongly arched laterally. The metacarpals 
form two sets ; the first and fourth are stout and about equal, as 
are the longer and more slender second and third. The proximal 
phalanges are somewhat curved, while the middle are nearly 
straight, and these present the same arrangement in pairs as that 
noticed in the metacarpals. The ungual phalanges are of nearly 
equal size. Between each metacarpal and proximal phalanx are 
two oval sesamoids. The pollex is wanting. 

Bones of the hind Limb. The union of the ilium, ischium and 
pubis occurs within a day or two after birth. Behind the aceta- 
bulum each innominate bone is triangular, and the ilium projects 
forward as a long, slender bone. The acetabular surface is nearly 
horizontal and about on a line with the margin of the acetabulum. 
It is strongly bevelled to the pubic border, which is quite regularly 
straight. The ischial border is slightly curved along the sacral 
surface. The supra-iliac border is thin and oblique where it 
bounds the iliac surfaces. The pubic portion is formed by a slen- 
der, linear bone flattened vertically, growing wider behind. The 
symphyses are small, oblong. The thyroid foramen is very large, 
ovate, widest behind. The femur is a long, strong bone tapering 
but slightly towards the proximal end. The shaft is straight, flat- 
tened transversely. The head is large, neck short, and both are 
strongly inclined. There is a greater, lesser and third trochanter, 
the first being very large. The whole surface is smooth and pre- 
sents no evident linea aspera. The patella is thick, quadrilateral 
in form. The tibia is a much curved, long, stout bone, nearly as 
thick as the femur. It articulates alone at the knee, the fibula 
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taking no part in this. This bone is unnsaally developed in the 
species under consideration. The shaft has a well marked sigmoid 
curvature. The fihvXa is very long and exceedingly slender, and 
its lower third is firmly anchylosed with the tibia. The shaft is 
much compressed and twisted upon itself. There are eight tarsal 
hones. The metatarsals are of the usual long, slender form ; the 
fifth, owing to its backward prolongation, is longest, and from 
this each is shorter than that next outside. The proximal ends 
are much dilated. The proximal end of the fifth is continued be- 
yond the rest and forms a cylindrical, diverging process on the 
outside of the tarsus and, instead of articulating at the end as 
the rest do, it bears facets on the inner side by which it articulates 
with the fourth metatarsal and slightly with the cuboid, and at 
this point the shaft is dilated and bears a triangular tubercle, and 
farther on towards the distal end are two smaller tubercles on the 
outside. The phalanges and sesamoids present no unusual fea- 
tures. There is a large os penis which is somewhat twisted upon 
itself, dilated at each end and terminated by a bifid knob resem- 
bling a condyle. 



Notes on the Development op Amia. By S. A. Forbes, of Nor- 
mal, 111. 

[ABSTRACT.] 

This paper is essentially a partial description of the form and 
structure of specimens of Amia from 20 to 30 mm. long, taken in 
the Illinois river in June, 1878. 

The smallest specimens have a median fin, undijQTerentiated ex- 
cept for a trace of the true caudal, commencing immediately be- 
hind the head and terminating about the middle of the belly. 
This fin is contitiuous except at the vent, is stiffened throughout 
by primordial filaments, and forms posteriorly a lanceolate tail 
like that in the smallest gars. The notochord is continued into it 
without fiexure. 

The pectoral fins are distinctly lobate in external form. Their 
skeletal structure is not yet <d||dMM|UM||U|^b9 details. A 
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basal, cartilaginous piece, and very soft and delicate radial pieces 
exist, but their number and relations have not yet been positively 
settled. There is no appearance of true fin rays. In a larger speci- 
men (57 mm. long) it is shown that tbe radialia are all attached 
to the border of the metapterygium, none of them reaching the 
scapular arch, and that the upper fln ray does not embrace the 
meaopterygium except at its tip, and consequently does not reach 
the coraco-scapular cartilage. In specimens 25 mm. long a few 
rays are developing in the upper half of the pectoral. The ven- 
tral flns of these specimens are as yet rudimentary, presenting a 
mass of forming cartilage within the base, which sends three 
slight processes forward, apparently corresponding to the three 
basal pieces of the fin of the sturgeons. 

Unexplained structures imbedded in the epidermis of the head 
are clusters of slender flask-shaped cells set perpendicular to the 
surface, the smaller ends projecting slightly through circular open- 
ings in the epidermis. 

The gular plate consists of a fold of tbe skin homologous with 
a similar fold in the young gar, but thickened somewhat by a de- 
posit of connective tissue cells and commencing to ossify by a 
single centre. No trace of composite structure is visible. 

The bulbus arteriosus was found to contain already two well- 
developed pairs of valves, while its walla were provided with an 
abundance of muscular tissue. 

Light is thrown upon the origin of the spiral valve in Amia by 
the fact that in these specimens the posterior intestine composes a 
close spiral coil of six turns, the interior of the intestine itself 
being simple.' A slightly cellular air-bladder ia already developed. 

Tbe condition of the brain ia important aa furnishing some evi- 
dence of relations with Polypteras, and atfording a bint with refer- 
ence to the homologies of the four anterior lobes. The medulla 
oblongata is incomplete, the walls of the fourth ventricle being low 
and not incurved. The cerebellum is rudimentary, consisting only 
of a transverse plate supporting the posterior half of the optic 
lobes. Tbe latter and tbe olfactory lobes are the most fully devel- 
oped parts of the brain. The conarium is very large, nearly filling 
the transverse fissure {Gehirnschlitz of Gegenbauer) and the in- 
fundibulum ia broadly open beneath. The optic thalamus ia 
prominent, tbe lobi inferiores large, and the transverse fissure 
II am not aure of tbia, aa no sectlaas wers mode. 
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wide. The hemispheres are flattened kidney-shaped, thick and 
convex above, thin and straight below, and connected by a com- 
missure on the posterior half of their inferior border. The ever- 
sion of the upper border is indicated by a slight longitudinal 
groove. The rather wide space between the two hemispheres is 
arched over by a thick membrane which sends a longitudinal fold 
downward, dividing this space into two lateral ventricles of which 
the hemispheres form the thickened outer walls. From these ven- 
tricles, large foramina open into the olfactory lobes. This condi- 
tion of things implies that the hemispheres of most fishes corre- 
spond most closely, as Tiedeman supposed, to the corpora striata 
of mammals: In cases where the foramina open behind the line of 
division between cerebral and olfactory lobes, it may be supposed 
that the absorption of the inner walls of the lateral ventricles 
stopped short of completeness. 

Studies of the embryonic brain will apparently be needed to 
decide these disputed points. 



Note on the Discovert of a Human Skull in the Drift near 
Denver, Colorado. By Thomas Belt, of London.^ 

[ABSTRACT.] 

In passing westward from the Missouri to the Bocky Mountains 
through Nebraska, northern Kansas, Wyoming, and Colorado the 
upper member of the drift series, the equivalent of the brown clay 

lit is with deep regret that I record the sadden death of the talented anthor of this 

paper, which occurred at Kansas City, Mo., on Sept. 28, a month after the adjournment 

of the St. Louis Meeting. Mr. Belt was elected a member of the Association at St. 

Louis, and was present for two or three days when he received a dispatch recalling 

him to Colorado. During Mr. Belt's short stay in St. Louis, his courteous and genial 

manner won the respect of all who were so fortunate as to meet him. On leaving St. 

Louis he addressed me as follows : -~ 

LmDBLL Hotel, St. Loms, Auoust 25, 1878. 

Pbof. F. W. Putnan. -JIfy Dear Sir: An urgent business telegram starts me back ft>r the 
West early to-morrow morning: and I shaU, much to my regret, be unable to attend any more 
of the meetings of the Association. I have been so inconvenienced by this sudden change In 
my arrangements, that I have only had time to-day to draw up a very short account of the 
discovery of the human skull, very little more than the abstract I gave you yesterday, and have 
had to omit altogether the discussion of the age of the deposit in which the skull was found. I 
hope you will forgive this as it has been unavoidable. Thanking you for the kindness and cour- 
tesy extended to me, and hoping that I may be able to say good-bye to you personally^efore I 
leave, I am Dear Sir, Yours very truly, Thomas Belt. 
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of Illinois, is found to be continuous up to the base of the moun- 
tains. Drift gravel is generally found below it or is contained in 
patches in it. Nearing the mountains the clay is of a darker color 
and a more sandy texture, and has often pebbles and stones scat- 
tered through it. Large boulders are also met with near the moun- 
tains and beds of sub-angular boulders and pebbles, nearly always 
of crystalline rocks, skirt the flanks of the mountains, run up the 
sides of the valleys opening into them and cap isolated hills in 
front of them to heights of about 8000 feet above the sea. 

In the neighborhood of Denver the sandy clay covers the whole 
country excepting on the steeper slopes, where it is sometimes 
absent from denudation. It is often as much as thirty feet in 
thickness, and contains here and there boulders of crystalline 
rocks scattered through it. In some of the sections examined by 
me these were sufficiently numerous to make it a boulder-clay. 
Much of it is unstratified and with vertical joints. 

Whilst examining the sides of a cutting through this deposit on 
the Colorado Central Railway, near the top of the low watershed 
between the South Platte and its tributary. Clear Creek, I noticed 
a whitish substance on the face of the cutting. On clipping round 
it with a knife it proved to be the top of a human skuU.^ It was 
in perfectly undisturbed loess-like clay, at a depth of three feet, 
nine inches, from the surface. At the same horizon at intervals 
were small angular pieces of miocene wood. No other bones were 
found and none of the teeth. Seventy yards distant I found what 
appears to be a portion of a human rib. 

Isolated bones of other mammals than man are not uncommon 
in the neighborhood of Denver, and near the foot-hills in the 
brown clay and associated drift gravels. Besides those found by 
myself, Prof. Lakes, of Golden, and Mr. H. C. Towner, of Den- 
ver, hav^ collected many specimens. Amongst these, bones of 
the common buffalo seem to be most frequently met with. 

3 The seyeral fragments of the human cranium were seen by myself and other mem- 
bers of the Association at St. Louis.— F. W. Putnam. 
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Description op a Cliff-House on the Mancos River of Colo- 
rado, WITH A Ground Plan. By Wm. Fellowes Morgan, 
of New York. 

Having recently visited a cliff-house on the Mancos river in 
Colorado, I offer the following description and ground plan of the 
house for the consideration of the section. 

The Mancos river rises in the La Plata mountains in the south- 
western part of Colorado, and after flowing in a southwesterly 
direction it falls into the San Juan river in New Mexico, very 
nearly at the corner of one state and three territories. It should 
be noticed that the high lands bordering on the Mancos river 
belong to the mesa, or table land, formation and to what is known 
as the mesa verde. 

The valley is entered from the east through Thompson's park, 
one of the prettiest in the Rocky mountain region. This entrance 
is near the base of the La Plata mountains. The valley of the 
Mancos at its upper end is from a half to three-quarters of a mile 
wide, and partly under cultivation by irrigation, having been lately 
settled by a few American farmers. We went down the valley 
eight or ten miles to the ranch of John Gregor, and then twelve 
miles to the cliff-house. Sbme eight miles below John Gregorys 
the valley, which for several miles has been enclosed by canon-like 
walls, becomes a canon about 300 feet wide from wall to wall. 
There is one trail from the upper end of the canon which leads 
past the cliff-house, and this is the ranchmen's trail which runs 
down the western side of the river. 

Near the cliff-house the trail is about thirty or forty feet above 
the river, and the cliff-house is situated about two or three hun- 
dred feet above the trail. The cliffs are composed of a sandstone 
which, originally light, darkens by exposure. Here ^d there 
the canon is deeply eroded at a great height from the present 
level of the river, leaving large cavernous openings in the face of 
the rock. It is in these openings that the cliff-houses are to be 
found. The great cavity in the rock, formed by natural causes and 
in which the cliff-house is situated, can easily be seen from the 
trail, but of the front wall of the house only a very small part 
can be seen, and that only by one who knows where to \odk for it. 
In this case the upper line of the natural excavation was a great 
arch which tended to prevent the roof from falling. The depth of 
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the excavation was forty feet, and the length one hundred and 
forty feet, which determines the size of the floor. The height upon 
the outside was about thirty feet, as near as we could estimate it. 
In only one place does the wall of the house reach up to the roof 
of the cavern. At this point the wall is from eighteen to twenty 
feet high. This wall of the house has also helped to keep the roof 
from falling. 

As shown in the ground plan (Fig. 1.), the length of the natural 
ural excavation is one hundred and forty feet, the depth forty feet. 
This structure commences sixty feet from the southerly end of the 
natural excavation, and occupies the whole central portion and 
most of the north part to within twenty-six feet of the north end. 
It shows eight rooms and two estufas in the ground plan, and six 
of these rooms, numbered in the plan, 1, 2, 3, 4, 5, 6, are two 
stories high. The six lower rooms are partly filled up and appar- 
ently were not more than five feet deep. Room 7, situated at the 
western comer of the house, is a long and narrow room, 20 ft. 
4 in. X 6 ft. 6 in. In the western side of this room there is an 
opening (D) into a passage which runs along the natural wall. 
This passage, at the point where the door is situated, is about four 
feet wide. It narrows to the south until it reaches its narrowest 
part about twenty-five feet from the doorway. This passage has 
been enlarged by the chipping of the rock from the roof wall, 
caused by atmospheric action. The passage has an outlet at the 
northern end, but at the southern it meets the back wall of the 
cliff, thus making it necessary for any one going through the 
passage to pass through room 7. This tends to show that the 
easiest external approach was from the south side, and the most 
diflScult from the north side. This passage way along the roof 
wall is only four feet wide at the widest part at the base, yet the 
roof rises so rapidly that a person can walk erect the whole length 
of the hall, some sixty-four feet. The wall for the first twenty 
feet, however, is down, except about one foot of the lower end of it. 

The walls of the rooms average one foot in thickness, and are 
constructed of thin pieces of tabular sandstone with adobe mortar, 
and there is more adobe mortar than stone in the wall. These 
walls are nearly vertical, and the masonry work is fairly done, only 
a small part of the walls having fallen. 

The four walls of rooms 2, 4, 5 and 6, and the circular walls of 
the two estufas were standing, to the height, at least, of twelve 
feet above the apparent level of the floor. 
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The room next east of No. 7 is No. 1, a large room 12 ft. 4 in. 
X 12 ft. 7 in. This room, as aforesaid, had another room below 
it. which was probably used as a granary, as it was not high 
enough for comfort as a dwelling room, and we found some com 
cobs in it, of which the specimens exhibited are samples. 

Next to room No. 1 is a small estufa, fifteen feet in diameter. 
This estufa is not enclosed on the outside, nor are .there any 
remains to show that it ever was so, but a still better proof is. that 
the end of the wall is smoothly finished off with adobe, and shows 
no breaks. Whether they enclosed the open side with a lumber 
frame and covered the top in order to darken the room like those 

I have since seen at Taos, darkened by being placed underground, 
there are no means of judging. 

Proceeding to the second row of rooms, we first have room No. 
8, 12 ft. 4 in. X 6 ft. 8 in. It is the wall between this room and 
No. 4, which rises as high as the roof, a distance of about 
eighteen feet. Next to No. 8 is No. 2, a large room 12 ft. 4 in. 
X 15 ft. 10 in. There is a doorway in the middle of the south 
side of this room two feet high, and one foot, four inches broad. 
The lintel and the sill are of stone. Each is a thin piece of 
sandstone from one to two inches thick and one foot broad. This 
is a remarkable fact and worthy of mention, as the use of stone 
lintels is very rare in Indian architecture. Below the former 
flooring of the room, and in the ground story, there is set in the 
wall a large stone projecting eight or ten inches on the inside, 
and a foot or two below the former level of the floor. There was 
probably another stone similar to the flrst, placed two or three 
feet below it and used with it as steps to descend into the lower 
room. 

Next to room No. 2 is an open room between the two estufas, 
which, on account of its position, and not being protected exter- 
nally, I do not think was utilized. The size of the room, however, 
was 11 ft. 6 in. X H ft. 9 in. 

Next to room 3 is room No. 4 ; this room is 6 ft. 6 in. X 11 ft. 

II in. 

Next to No. 4 is No. 6, a triangular room formed by the walls 
of rooms 2, 8, 4 and that of the large estufa which makes a 
curved side on the east of the room. The dimensions of the room 
are 8 ft. X 8 ft. 8 in. There is a break in the wall between 
rooms 2 and 6, which occurs in such a way that we could see the 
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remains of the flooring of room 6 which is still in place, while 
all the other floors have been removed. This flooring was made as 
follows : first were laid three or four round timbers of cedar, 
from three to six inches in diameter, from wall to wall in the 
masonry. Across these, transversely, were laid poles of smaller 
size, either close together or a few inches apart. When laid 
apart there was a third course of fragmentary pieces of split cedar, 
or willows, and on this was placed the flooring of adobe mortar 
from three to four inches thick. As to the other rooms, where 
there was a ground story, the evidence is very plain by the pres- 
ence in the walls of the stubs of the beams, the large ones cross- 
wise and the small ones lengthwise of the rooms. In this room 
in the south wall there is a small niche, about five feet. from the 
flooring of the. room, which, as we afterward found at the Taos 
pueblo, was probably used as a shelf for household articles. 

Next north of room 4 is room 5, 9 ft. 5^n. X 12 ft. 4 in. This 
room is quite irregular, as it is bounded on one side by the wall 
of the estufa. 

Next to room 5 is the large estufa. This room is very interest- 
ing ; its diameter lengthwise of the excavation is twenty-one feet, 
seven inches, and from the wall to a mass of stone and rubbish 
which rises two or three feet above the floor of the estufa, the 
distance is twenty feet, five inches. The walls of this estufa are 
very finely rounded and, like those of the small estufa, are finished 
oflf at the outer end with adobe. The walls of the estufa are 
eleven feet high. The wall is not continuous, but at the corner of 
room 6 it breaks, one side overlapping the other, leaving an open 
space between, through which it is possible to pass into room 6. 
This break occurs about five feet above the floor of the estufa, and 
is therefore not shown on the ground plan. It should be here 
stated that the estufas commence at the level of the floor of the 
ground story of the back rooms, and rise to the height of both 
stories. At the height of flve feet, where the second story of the 
back rooms commences, this break occurs ; below thi*s the wall of 
the estufa being c9ntinuous. The upper wall of the estufa above 
five feet, after being laid in the usual way, was coated with adobe 
plaster of a slightly reddish tint, while the lower part remained a 
plain wall showing more stone than the other walls and better 
work. Near the lower end of the wall, about eight feet from the 
ground, there is the impression of a hand in red plaster. A little 
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to the right of it there are three long, white, vertical stripes about 
six inches wide and two feet long. A short distance from these 
three there are three more like the first ones. At the point where 
the break occurs, but on the inside of room six, there are some 
drawings in white plaster^ one representing a man with hands and 
legs extended. To the right of this drawing about seven feet from 
the ground there is a square window opening into room No. 4. 
To the right of this window there are three more stripes similar to 
the others. To the right of these stripes there is a doorway 
opening into room No. 5. This doorway (Fig. 2) is quite remarka- 

Fig. 2. 
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ble ; it is about eighteen inches wide at the bottom, continues of 
the same width to the height of about twenty inches and then 
widens, becoming from three to four feet wide. This change is 
abrupt, the doorway receding about nine inches on each side, thus 
making as it were two seats in the sides of the doorway. Above 
this the doorway extends about twenty inches. To the right of 
the door are two more impressions of hands, this time in white 
plaster. The front of this estufa is a large, solid rock and mass 
of rubbish, which rises four or five feet above the level of the floor 
of the estufa, enclosing it to a certain extent.^ 

The position of this cliflf-house is not to be imagined so inac- 
cessible as the name seems to imply. Its access, after some inves- 
tigation, although steep, still appeared comparatively easy. The 
face of the declivity is composed of a loose mass of debris, into 
which occasional trees and shrubs have taken root. Up this very 
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steep slope, goats and even horses might ascend without much 
difficulty. 

South of the n^ain wall of the cliff-house there is a corral of 
stones (see Fig. 1), now fallen, with a mass of animal dung near 
it, about ten inches deep. It is impossible to determine whether 
it is the dung of horses, sheep or goats, but probably the latter, as 
the goat soon became a favorite animal with the Indians after the 
conquest. While the presence of these remains shows that the 
cliff-house in question was occupied after the period of the Spanish 
discovery, it does not establish the fact that the original builders 
continued to use the house down to so recent a period, as the 
remains may have been left by temporary occupants after the 
evacuation of the house by its builders. 

This evidence of recent occupation, however, should have due 
consideration. At the commencement of the Mc Elmo canon, 
twenty miles west of this point, there is a cliff-house* with an 
enclosure for animals attached. Here also there is a deposit of 
animal dung about one foot deep, supposed by Mr. Mitchell, the 
resident ranchman, to be that of goats. This tends to the same 
conclusion of a modern occupation, as above explained. 

Whether or not this cliff-house has been noticed in the govern- 
ment surveys of the territories, I do not know. I am not aware 
that it has been brought to public notice before the present time. 
John Gregor established his ranch in the Mancos valley, three 
years ago. He heard of the house in the spring of this year, and 
found it this year. 

I have not been able, as yet, to consult the government report, 
but I understand that the cliff-houses, mentioned in the report as 
on the Mancos river, are lower down the canon. 
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Description of two Stone Cists, discovered near Highland, 
IN Madison Co., Illinois. By Arthur Oehler, of High- 
land, 111. 

[ABSTRACT.] 

In the southeastern part of Madison Co., Illinois, in the south- 
east quarter of the southwest quarter of Section 10 — Township 3, 
north, Bange 5 — west of the Third Principal Meridian, on the 
present property of Mr. Jno. F. Rodt, about four miles southeast 
of the town of Highland, two interesting cists, or graves, have been 
found. These cists are of the same shape and size, and lie in 
exactly the same direction. The first discovered, pr No. I, lies 
about 400 feet south of the northern, and about 500 feet east of 
the western boundary of the above described parcel of land. Sugar 
creek, making a bend westward there toward the graves, is due 
east about 400 feet distant, while to the south it is considerably 
farther away. About two and a half years ago, the land having 
just been cleared (there is at present timber all around this parcel 
of land, except on the north side), the proprietor, while plowing, 
turned up several limestone rocks and fragments of slabs of dif- 
ferent sizes, mostly small ones. This excited his curiosity, and 
last spring, with hoe and shovel, he made an investigation and 
discovered the grave. He then called the attention of my friend, 
Mr. Ad. F. Bandelier, to it, who, suflSce it to say, as near as could 
be learned from the circumstances, reports : " That it contained 
the complete skeletons of two adult persons, one superposed upon 
the other." Mr. Bandelier then exacted from the proprietor the 
promise that if any more graves were found, he should Immediately 
be notified, they, meanwhile, not being disturbed. 

About May 20th, Mr. Bandelier received word that another, or 
No. II, had been discovered, and awaited his further pleasure. 
This second grave we carefully investigated. 

It is situated about 350 feet due west of No. I, on the height of 
a hill that slopes southward toward Sugar creek, which is about a 
quarter of a mile due south. It has the shape of a rectangle, two 
feet three inches by three feet, the longer side lying north-northeast 
by south-southwest. It is made of limestone slabs ; two at the 
bottom, two on each longer side, two on top as a lid, and one on 
each shorter side. These slabs «how no signs of incisions or 
workmanship whatever. The covering stones are about a foot 
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below the surface. There were five skulls and other bones of the 
skeletons of five adult persons in the grave. There was no trace 
of charring or fire about the remains, which had evidently been 
placed in the grave after the flesh had been removed. The skele- 
tons show that the people were of rather small stature. The 
skulls lay in the position of a line drawn as a semicircle along the 
southeastern longer side. All the other bones lay transversely to 
the skulls, and were very closely packed. Some of them were so 
far decayed as to crumble while handling. There were no arms 
or ornaments found, except a small burnt, partially glazed object, 
having the shape of a cylinder, about two inches long and one- 
half inch in diameter, one little flint chip, and several fragments 
of limestone slabs. Three feet to the east of the grave is a stump 
of an oak tree, two feet in diameter, from which several roots, the 
thickness of a finger, penetrated the fissures of the slabs and 
worked their way between the bones. 

One of the skulls was examined by Dr. Geo. J. Engelmanri, of 
St. Louis. From this he judges that they were of great age, and 
that they appear as normal Indian skulls. A rather striking 
circumstance is that on all the jaw bones seen, the two front 
lower teeth are missing, as if artificially knocked out. On the 
skull examined by Dr. Engelmann, the left side of the parietal 
appears to show a rather prominent protuberance, while on the 
right is a corresponding fiattening. Whether this Is due to post- 
mortem causes cannot for the present be decided. As far as we 
know, this mode of burial is somewhat different from any yet 
described as having been practised by the North American tribes. 

A great many flint chips, and arrow-heads of different shapes 
and sizes, are found in the neighborhood of these graves; also 
southward along the creek, which fact most probably indicates a 
former settlement. 
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Remarkable Burial Custom from a Mound in Florida — the 
Cranium utilized as a Cinernry Urn. By Henry Gill- 
man, of Detroit, Michigan. 

In opening a burial mound on the shore of Cade's pond, a small 
body of water situated about two miles northeastward of Santa 
Fe Lake, Florida, the writer discovered two instances of cremation 
in each of which the skull of the subject was used as the depos- 
itory of his ashes. As this appears to be the first notice of the 
custom, if custom it may be considered, a brief description of the 
earth-mound and its contained relics may be deemed of import- 
ance in this connection. 

The earth-work is about ten feet in height, and is situated fifty- 
seven feet northward from the shore of the pond. The north-and- 
south diameter measures eighty-eight feet, the east-and-west diam- 
eter, slightly in excess, has the length of about ninety-eight feet. 
The material of which it is built is the sandy soil, similar to that 
of the surrounding land. A tree of the 3'^ellow pine (Pinus aus- 
trcUis Michx.) stands on the top of the mound, eight feet to the 
west of the centre, and measures, at two feet above ground, four 
feet, ten inches in circumference. The remaining timber growth 
consists chiefly of persimmon shrubs and small oak trees. The 
roots of the trees, particularly of the pine, had formed a net-work 
over the mound, and had penetrated to the bones and pottery, 
aiding in their destruction. 

For a radius of twenty-five feet, and for a depth of from one 
foot to five feet, the mound was found to contain a large quantity 
of relics consisting of human bones, generally much decayed and 
representing a great number of burials, and finely wrought ves- 
sels of pottery, many of them pointed in brilliant colors, chiefiy 
red, brown and yellow, and some of them ornamented with in- 
dented patterns, displaying not a little skill in the ceramic art, 
though they were reduced to fragments. A stone axe and two or 
three chips of worked fiint, found near the surface, were the only 
articles of stone which were encountered. 

At twenty-one and one-half feet south of the centre of the mound, 
and six feet to the east, at the depth of two and one-half feet, a 
human skull was exhumed resting on its apex, the base conse- 
quently uppermost, or rather where had formerly been the base, for 
this part had disappeared. This skull was filled with fragments 
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of blackened half-incinerated human bones mingled with dark- 
colored dust and the sand which invariably sifts into the skull 
under such circumstances. Immediately beneath the cranium lay 
the greater part of a human tibia having the peculiar compression 
known as platycnemism to an unusual degree. It is otherwise 
a well-developed bone; though the extremities having decayed 
prevented the obtaining of the perimetral index. The antero- 
posterior diameter of the shafb has a length of 1*560 inch, the 
transverse diameter a length of 0-800 inch, affording a latitudinal 
index of '512. Beneath and surrounding this bone lay the frag- 
ments of a large number of other human bones, probably consti- 
tuting an entire individual, but far gone in decay. 

The second instance alluded to of this peculiar mode, in cremar 
tion, of utilizing the cranium of the subject as a cinerary nm, was 
discovered on nearly the opposite side of the mound, or at a point 
eight feet north of the centre and ten feet to the west of it. Here, 
at a depth of two feet, lay a human skull, as in the first example, 
base upward, and filled with a black mass — the residuum of burnt 
human bones, mingled with the all-prevading sand. In this case 
the work of decay was so much further advanced that the skull 
crumbled to pieces on being touched, and the contents were mostly 
resolved into a black ash or dust. At three feet to the eastward 
lay the shaft of a flattened tibia, the extremities wanting. This 
bone gives the following dimensions : antero-posterior diameter of 
shaft, 1-460 inch ; transverse diameter, 0*770 inch ; the latitudinal 
index being *527. 

It may here be stated that in both those cases of cremation 
the skulls were perfectly free fh)m all action of fire, and were 
enveloped in the pure sandy soil of the mound, there being no 
surrounding ashes, nor appearance of outside fire; and though 
so decayed as to be very tender (in the second instance much 
more so than in the first), with the exception of the bones forming 
the base of the cranium, the different parts retained their shapes 
and relative positions, so that before the removal of the skulls, and 
their consequent falling to pieces, the writer had opportunity to 
observe their strong resemblance to the small (Hthocephalic crania 
which he had found to pertain to some of the mounds opened 
by him in Michigan. The same resemblance was perceptible in 
the other crania exhumed here. The small narrow frontal was 
particularly noticed, as ?rere the prcKninent parietal protuberances. 
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and the rather protuberant occipital, which was not in the least 
compressed. The supraciliary ridges were well defined, with the 
frontal rather retreating, and the superior border of the orbits 
presenting a quadrilateral outline ; all the lower facial bones, in- 
cluding both maxillaries, being wanting. The walls of the skulls 
are of only medium thickness, varying from 0*1 inch to 0*3 inch. 

The writer has in vain consulted such works as are accessible 
to him, with the object of deciding whether any similar relics have 
been exhumed from the mounds in Florida and elsewhere. He 
has found no record of the custom. Wyman mentions nothing of 
the kind among the results of his extensive explorations. There 
would seem to be no question, however, that these remarkable 
crania containing burnt human bones point to some ancient burial 
custom or superstitious rite. 

That the skull in each instance belonged to the individual with 
whose incinerated bones it was filled, could not be positively de- 
termined, though the facts so strongly tend that way that there 
can be but little doubt of its being the case. Neither was it pos- 
sible to decide whether all of the other members excepting the cra- 
nium were incinerated for the purpose indicated. In the first 
example, however, portions of the long bones, and particularly 
the greater part of the neck of a femur, were identified among the 
partially consumed fragments, while in neither case could the 
burnt fragment of a cranium be traced among the ashes. 

Perhaps the facts here given may be thought suggestive of the 
custom, once not uncommon among some of the savage tribes of 
this continent, of sacrificing slaves or servants over the grave of a 
chief. This cruel practice, as is well known, extended even into 
the historic period. The close proximity of another burial in each 
of the cases of cremation here detailed might seem to support this 
conclusion. Or have we here the wretched evidences of the orgies 
attendant on some cannibal feast? It is interesting to remember 
that Wyman advances two facts, viz. : ^'cannibalism and the utili- 
zation of human bones," as being " consistent with the belief that 
Florida, for a time at least, was the dwelling-place of the Caribs." 
But, it must be admitted, there is no positive evidence here of 
cannibalism, though some of the human bones scattered through 
the mound appear to have been split open laterally, as if for the 
extraction of the marrow. 
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General Remarks upon the Arch^eolooy of Veioiont. By 
George H. Perkins, of Burlington, Vt. 

[ABSTRACT.] 

The object of this paper was to present in brief review the 
various classes of, soKsalled, Indian relics found in Vermont, and 
drawings of many of the more peculiar forms were exhibited. 
These objects, though not occurring in Vermont in such profusion 
or variety as in many parts of the west, have nevertheless been 
found in many parts of the state in considerable number and 
variety. Rock inscriptions are rare, but two examples being 
known, one at Bellows Falls, where two large granite rocks near 
the Connecticut river bear, one a single large head, the other, and 
larger rock, twenty heads of various sizes, some with two rajMike 
objects extending upwards from the head, and one in the centre of 
the group with six. These figures are rudely outlined by a broad, 
shallow groove, the eyes and mouth being in most cases circular 
depressions, and in most the nose is left out. The largest of 
these heads is nearly twenty inches long, the smallest about five 
inches. The other specimen is at Brattleboro, and is known as 
"Indian Rock." This bears figures of eleven objects,— birds, 
mammals and snakes. It is near the junction of West and Con- 
necticut rivers. Copper articles are rare, but chisels, gouges, 
spearpoints of different patterns, bars and short tubes, have been 
found, all of native copper, beaten into shape. Shell beads have 
been found in only one locality and are very similar to those found 
in the west. Pottery in fragments is not very uncommon in the 
western part of the state ; but of entire jars I know of onlj' two, 
though several others formerly existed, but have since been de- 
stroyed. In Vol. XXV, p. 325, of the Proceedings of this 
Association, the chief types of pottery are described and one of 
the jars figured. This earthen-ware seems to have always been 
made of pounded quartz, mica and other substances in varying 
proportions, and mixed with clay : and the finished jar received a 
coating of clay over both sides. It crumbled very easil}^, and on 
this account most of the jars, which when buried were entire, have 
fallen to pieces. It seems always to have been ornamented about 
the upper part, with impressed lines or narrow grooves, circles, 
squares, triangles, crescents, key-shaped figures, etc., arranged in 
a great variety of combinations, sometimes quite complicated, as 
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may be seen by reference to the figure of the jar mentioned above. 
The color is most commonly dark red, or brown, sometimes be- 
coming black. Pots of soapstone much more rarely occur and 
are usually unornamented. The usual varieties of stone objects 
are found in Vermont. Pipes are very rare. The few that have 
been found are finely finished and of handsome stone, but are not 
elaborately carved. Stone tubes, which by some are supposed to 
have been used as pipes, have been found, a dozen or more in all, 
varying from six to thirteen inches in length, and from one inch 
to nearly an inch and a half in diameter, the bore being small at 
one end and quite large at the other. Three of these tubes are 
figured on page 85 of the Portland Volume of the Proceedings. 
One end of these tubes is invariably stopped by a stone plug. 
Of "gorgets," "shuttles," or "two-hole-stones," many different 
forms occur. Nearly all of them are of handsome stone and are 
well made. Similarly shaped stones with one hole, and others 
with none, also occur. A single specimen of a quartzite discoidal 
stone, precisely like some that have been found in the mounds, 
was found in a grave at Swanton. "Banner stones" of various 
shape, some without, some with perforation, occur. Some of these 
are of very hard stone and all are finely finished. Boat-shaped 
stones of elegant finish are sometimes found, some very long and 
narrow, others shorter and deeper. Most of these are more or less 
hollowed out on the fiat, or upper, side. Carved heads, somewhat 
bird-like, of smoothly carved stone, «^re rarely found. One of these 
is figured on page 95 of the Portland Volume. Of implements, the 
gouges are much the most carefully made and elegantly finished. 
A great variety of these articles has been found. Some are of 
basalt or other hard stone, but are nevertheless very regular in form. 
In $ome, the groove extends through only a part of the length, and 
in such cases the gouge is usually of about equal width throughout ; 
in others, the groove extends from end to end, and some of these 
have an edge at each end. In some specimens both surfaces are 
fiat, in others both are convex, sometimes slightly, sometimes very 
strongly. Most taper from the edge to the opposite end. They 
vary in length from four or five inches to over a foot, and no more 
elegant specimens than some of these gouges have ever been found 
in the state. In marked contrast with the gouges are the chkels, 
which are of ruder material and much less carefully made. Most 
are widest at the edge, which is usually well formed, the opposite 
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end often being left with very little finish. Chisels made from 
hard stone are more cylindrical than those of soft stone.' The 
length varies from a few inches to a foot or more. Some of the 
larger specimens are very clumsy. Axes are quite uncommon and 
are rarely grooved, or even notched, and are generally rudely 
made. Pestles of different forms are found, some tapering from 
the middle to each end, some much larger at one end than the 
other, some regularly cylindrical, others nearly square. A few 
have the upper end carved in the form of the head of an animal. 
Some are made of soft stone, but most are of trap, granite, or 
some hard material. Scrapers, rimers, knives, etc., are often 
found. Spearpoints of various sizes, styles and degrees of ele- 
gance are found, some very beautiful, others very rude and coarse. 
Of the smaller arrowpoints a great variety of forms occurs. All 
of the various types given by Foster are found. The most common 
form is triangular with, most often, a broad, indented base, but 
this graduates on the one hand into a very wide, low form, and 
on the other into a long, narrow form. The most common 
material is a bluish quartzite. Stemmed arrowpoints are abun- 
dantly found, barbed ones less commonly, and leaf-shaped points 
are rare. A very interesting and, I think, unique form has been 
found in several localities. In these the stem is notched on each 
side more or less deeply and regularly, while the surface is rubbed 
smooth and bevelled at the edges. The material of all these is 
slate, like common roofing slate. There is a very noticeable re- 
semblance between many of the Vermont specimens and those from 
the mounds and other places in the west. Many of the two-hole 
stones, banner stones, scrapers, spear and arrowpoints, copper 
chisels and spearheads, are entirely identical in form with speci- 
mens from the mounds, but mounds like those of the west do not 
occur in Vermont, and we do not find here many forms which are 
not uncommon in the west. Spades and other agricultural imple- 
ments are wholly absent, and I have found no evidence that the 
early inhabitants of Vermont were an agricultural people, or had 
fixed settlements of any great duration. It is singular that, while 
in every other class of objects we find much similarity to mound 
specimens, the pottery is notably different in form and ornamen- 
tation. Undoubtedly, many of our specimens should be referred to 
the Iroquois and Algonquins, portions of which tribes occupied the 
territory of Vermont when Champlain visited it in 1609, and con- 
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tinued here until the latter part of the last century ; but there is 
good evidence that many of the specimens were made and used by 
an older and diflferent race — a wandering branch of the mound- 
builders as I believe, who had ceased their moundbuilding and 
agriculture and become a nomadic, hunting race, and modified 
their implements accordingly. 



On the Sources for Aboriginal History of Spanish America. 

By Ad. F. Bandelier, of Highland, 111. 

The history of the American aborigines has been a field ac- 
tively explored for three centuries; and numberless data, or 
indications, have been gathered and used by all who claimed an 

active interest in the study. Thus they formed, to a great extent, 
the basis for numberless theories and hypotheses with which that 
field has been almost flooded up to the present time. It is not 
devoid of interest, therefore, however superficial it may prove, to 
attempt a critical review of the sources for aboriginal history, of a 
portion of the New World, which have thus accumulated. 

In this review we cannot aspire to completeness, neither can we 
claim absolute impartiality in our judgments, or rather, " objec- 
tivity." All we endeavor is to follow the lead of such eminent 
scholars as Gregorio Garcia, Clavigero, Robertson, Prescott, 
Squier and Brasseur de Bourbourg ; and if the very imperfection 
of our work should cause others to enter the same field, with the 
view of correcting our mistakes, we should feel happy and con- 
tented. 

The actual drift of scientific inquiry requires that every study 

should have well-defined limits ; and, the more limited the more 
positive (although perhaps not striking) will be the results of the 
investigation. We regret to say that in the actual state of 
American aboriginal history and of our knowledge of its sources, 
we can hardly circumscribe the field to a sufllcient extent. Never- 
theless, by selecting the "Sources for aboriginal history of 
Spanish America" in particular, — though we may attempt more 
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than our limited resources really admit of — still it is a portion only 
of the general area, and possesses the advantage of presenting 
all the various kinds and degrees of records which can be used for 
historical purposes on American topics. 

Among these, it is but natural that such contrivances as are, or 
were used exclusively by the aborigines for recording events (or 
rather as guide-posts to remembrance) should first occupy our 
attention. A glance at their value as historical sources is the 
more useful as it enables us to dispose, at the very beginning, of 
a number of records which have become a basis to more recent 
documents. 

The incisions, or paintings, on the smooth surfaces of con- 
spicuous rocks, are of frequent occurrence in Spanish America. 
We recall here the uncouth figures visible on the banks of the 
Orinoco, in Venezuela ; some carvings still extant in the United 
States of Columbia ; and especially the rude paintings near the 
now extinct volcanic basin of Masaya, in Central America. 
These are far from exhausting the number of such primitive monu- 
ments; but their manner of execution is typical of the kind. 
Furthermore, the last mentioned, namely : the Nicaraguan paint- 
ings of Nihapa, are very instructive. They exhibit conspicuously 
the feathered serpent. Coupled with the identity between the 
Niquiran language and calendar, and the Mexican idiom and 
chronological symbols, it is a valuable hint of the manner 
whereby such pictorial artifices might, in South America also, 
become even of ethnographical value. But it would be a grave 
error to attribute, to such imperfect attempts at commemoration, 
any greater importance than that of mere indication. 

Of all the primitive devices invented, or borrowed, perhaps, by 
the American aborigines for ^he purpose of assisting remembrance, 
the Peruvian string-bundles, or *^Qquippu," follow close upon the 
rude artifices just mentioned. The plan after which these singular 
contrivances are framed, though queer and original, is still simple 
and primitive. The '' Qquippu" is but an expedient to commemo- 
rate numbers by the means of strings and knots. At a later 
period the colors of such were used to indicate also the objects 
whose numbers should be recorded. More than these two ideas 

• 

object and number, the string-bunch of Peru cannot express. 
Event (or action) and time (or date), it is unable to denote. 
Consequently, it remains useless without the knowledge of definite 
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oral tradition connected with it in each particular instance, and 
therefore the "Qquippu" is of little value as a historical source, 
unless the Qquippu-Camayoc" (literally, '* keeper of their import") 
is present to state both the narrative and the chronological ele- 
ments. Now, at the time of Garcilasso de la Vega, such "wise 
old men" were still living, and it was not improper, therefore, on 
his part, to mention the string-bunches as historical sources. But 
since his time, in the first two decades of the 17th century, the 
work of "Extirpation of Idolatry in Peru," was carried out, as 
recorded by Father Paul Joseph de Arriaga; and this not only 
destroyed the majority of "Qquippu" extant, but also frightened 
the natives into uncommon reticence about their meaning. Since 
then they have rapidly fallen into disuse, and the term" historical 
Qquippu" is no longer applicable. As a simple counting-machine 
they yet remain in use among the natives ; but it is vain to look 
to string-bundles of ancient origin for any historical data what- 
ever unless, as the case might be, oral traditions should have per- 
petuated themselves among the natives in whose hands they should 
be found. 

We meet, on the Pacific coast of Peru, with symbolical paint- 
ings on potter}'^ as well as on textile fabrics, but the interpretation 
of these pictures is yet purely conjectural, the more so since the 
language itself of the people by whom they were made and used 
has almost disappeared. 

In order to find the highest development in the art of com- 
memorating events among the aborigines of Spanish America, we 
must turn to the north of the Isthmus of Darien, to Central 
America a.nd to Mexico. We cannot refrain from mentioning the 
fact here, without attempting any explanation, that the very 
highest attempts at recording events by American aborigines, are 
clustering upon an area forming the geographical division between 
the northern and the southern portions of the American continent. 

As early as 1«516, the Spanish officials at home had been in- 
formed, from Darien, of the existence of tribes which used a 
certain mode of paintings or drawings for the purpose of recording 
events. The word "book" was used then to designate such 
contrivances, even after a number thereof had been brought over 
to Spain and inspected there by learned men of the time. As 
early as 1520, the conviction was already expressed that the 
signs, exhibited by such paintings, were analogous to Egyptian 
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hieroglyphics. Thus the existence of an aboriginal system of 
symbolical pictures in the New World became known, and the 
idea of "books" being already connected with it, opened the door 
to the conception of " piciure'toritings" which since has become a 
household word. When, furthermore, the discovery of figurative 
carvings on Central American ruins (noted by Palacios as early as 
1576, at Copan) was connected with the Greek alphabet even by 
Garcia, 1606, the gradual ascent towards a fanciful interpretation 
began which through the Arcanse of Father Kircher, the prudent 
hints of Humboldt and the bold vagaries of Felix Cabrera, finally 
culminated in the view that the symbols and figures of Central 
American pictorial art could be interpreted after the phonetic 
system of an alphabet. This theory of the celebrated Abb6 
Brasseur de Bourbourg was based upon the statements of the 
Bishop Diego de Landa concerning the Maya character of Yucatan. 
Through the publication of Landa's original text, M. Brasseur 
has rendered an everlasting service to science. But in his own 
conception of that part of it relating to the so-called "letters" or 
alphabetical signs, he was rather unsuccessful. (We need no 
better proof of it than his subsequent explanation of the Codex 
Ti*oano, which since has turned out to be a mere calendar.) 
Landa indeed asserts that certain signs were used by the Maya 
with a phonetic value attached ; but on the other hand his own 
explanations prove that, in their unimpaired native state, the 
aborigines of Yucatan had no knowledge of an alphabet.^ The 
latter gives simple signs for sounds; it is besides, alwaj's intro- 
duced and preceded by S3'llabical writing. Now in a syllabical 
writing, the consonant^ as the least flexible part of the utterance, 
forms the "pivot," so to say, around which vocal sounds oscillate ; 
and this pivot is transformed integrally into the phonetic alphabet ; 
signs for independent vocal sounds being added. We recognize it 
more particularly in the oldest records of Semitic nations, as well 
as in the various stages of Egyptian paintings and writings. Now, 
according to Landa, the consonant is broken in two, its very 
sound decomposed, a special sign being used, as in the case of the 
letter I for the vowel e, and another one, in the same instance, for 
the mute I proper. Had the natives ever conceived sound writ- 
ing they never would have resorted to such clumsy expedients. 
Landa*s Maj^a alphabet, therefore, comes under the head of those 
adaptations of aboriginal devices continued by Europeans for the 
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purpose of facilitating istercourse, and in order to propagate more 
civilized ideas ; — which adaptations are plainly acknowledged by 
Garcia and others. It would, therefore, be unadvisable to attempt 
an explanation of Central American paintings, or carvings, on 
the basis of phonetism or syllabism ; and any work relying on 
such interpretations must necessarily become subject to doubt and 
to a cautious, careful criticism. Nevertheless, it cannot be denied 
that these designs are in the highest degree symbolical ; but not 
as a writing^ only as a painting must these commemorative artifices 
be regarded and interpreted. 

The paintings (or carvings) of Central America and Yucatan 
are commonly regarded as being of a higher order than those of 
Mexico. To ascertain the value of this assumption we must 
examine each group separately. We begin with the Mexican ; not 
only because there are a greater number of these extant, but es- 
pecially because their system is wtU known, and because the signs 
composing them were ascertained at an early date. 

Such of the Mexican paintings as are termed '^historical" 
exhibit, in their typical form, the following characteristics : — 

1. A central figure or group of figures; mostly human forms. 

2. Near the heads of these figures, other designs connected with 
them. 

3. A fringe of signs of various shapes, more or less com- 
pletely encompassing the central field. 

4. Dots, and signs like fiags or feathers, connected with these 
dots. These sometimes accompany the central figures, sometimes 
the border alone^ and again occasionally both together. 

The chronological signs or figures of the Mexican calendar 
became known at an early date, and it was noticed that they 
agreed with the designs mentioned as forming a fringe around the 
painting ; in other words, that this fringe represented the chrono- 
logical element of the picture, thus giving the date of the event. 
It was also ascertained that, in order to record the name of any 
object or person whatever, the Mexicans painted the things after 
which these were named ; and this led to the further discovery 
that the figures placed behind the central groups, expressed the 
names of their persons or things. Finally, the dots and other 
marks thereto related were proven to be numeral signs. After 
such discoveries, the true import of the central figures could 
easily be inferred : they are allegorical designs, indicating either 
the object or the actiony as the case may require. 
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A typical Mexican painting, therefore, expresses : — 

1 . The nature of an event. 

2. The participants in it. 

8. The time of its occurrence; 

4. The numerical relations attached. 

Further than this, however, it cannot be expected to impart any 
information. The narrative element, which furnishes the bulk of 
historical knowledge, is not represented. Mexican paintings, 
therefore, may be compared to commemorative stones " in situ," 
on which only the dates and a short record of the events were 
graven. The stones would even be superior to the paintings, in- 
asmuch as inscriptions on the former are clear and positive, 
whereas designs on the latter are allegorical, and, consequently, 
yet require interpretation. The key to such interpretations is 
furnished by oral tradition alone. 

We have been thus far speaking of the typical form only of 
the Mexican didactic painting. Such types are found occasionally ; 
and on glancing over the magnificent reproductions of Mexican 
Codices which Lord Eingsborough has published, we sometimes 
find plates which may be admitted as displaying the very typical 
perfection. But the great majority of Mexican paintings is far 
from evincing all the characteristics of the ideal ; still, none of 
them can be understood unless we look among them for one or 
the other of the four elements above stated as composing the 
typical plate or picture sheet. Thus the bulk of the Mendoza 
Codex, as reproduced by Lord Kingsborough, consists of tribute 
rolls, in which but three elements appear : date, tributaries (par- 
ticipants) and numbers. Other leaves of the same collection are 
mere representations of customs and manners of the people, 
wanting of course the chronological as well as the numeral element. 
The historical paintings proper often crowd upon one single leaf 
several occurrences, and therefore abbreviate, so to say, all the 
four classes of signs required to give perfection. The Codex 
Telleriano Remensis contains ample evidence of it. The so-called 
Borgia Codex has some, yet unexplained, paintings of the true 
typical form. Many of the original Mexican picture sheets, 
besides, are so overloaded with fanciful ornaments, that the actual 
symbolical components can barely be detected. 

Mexican sculpture shows plainly the character which we have 
ascribed to Mexican painting. The bass-reliefs, along the rim of 
the so-called ^' stone of gladiatorial sacrifices," are a procession of 
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figures representing both the nature of the events and the names 
of the actors (single men indicating tribes). The great stone of 
sacrifice, improperly termed "calendar stone," which is inserted 
in the wall of the Mexican cathedral, bears on its face the very 
date of its inauguration (13 Cane, or 1479). The other figures 
graven on it are purely ritual, as the purpose for which the stone 
was wrought actually implied. What little is left of the carvings 
on the walls of Xochicalco shows a near approach to the typical 
form ; although it is, in perfection of design, more closely allied, 
and forms the transition to Central American delineatory art 
proper. 

Very few paintings of genuine Central American origin, or from 
Yucatan, are known to exist. It is possible that four of them 
may yet be in Europe, to wit : the so-called Mexican MSS., No. 2, 
of the once Imperial Library, at Paris; the "Dresden Codex;** 
the " Codex Troano ; " and, according to our learned friend, Senor 
Jose M. Melgar y Serrano, of Vera Cruz, a fourth one, which he 
calls the "Codex Mir6." 

Of the Paris Codex very little is known. The Codex of 
Dresden, figured first in part by Humboldt, and afterwards copied 
entire by Lord Kingsborough, while containing distinct allegorical 
figures scattered over its leaves, has its surface covered for the 
most part with little squares, which take the shapes of rude designs 
of objects. These squares are disposed in rows and lines and are 
directly connected with dots and bars. 

The Codex Troano, on its seventy pages, exhibits spaces cov- 
ered with allegorical figures ; and others which take the form of a 
more or less broad fringe only. Lastly the Codex Mir6 consists 
of a central figure, with square symbols around and partly across 
it. 

It is the preponderance of the little squares over the central 
allegorical designs which makes Central American and Yucatan 
paintings appear so different from those of Mexico. To these 
squares, called "^iatun" in the Maya language of Yucatan (from 
"Ka," fire, or "Kat," what is fixed for memory, and "tun," 
stone), the interpretations of Landa have been applied, to test 
whether they were alphabetical signs or not. This attempt has 
signally failed ; and since, M. de Rosny, of Paris, has decomposed 
the "Katun" into numerals and calendar tokens. This discovery 
establishes the identity of the "Katun" in the Maya painting, 
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with the chronological and numeral signs of the Mexican picture 
leaf, and removes one of the main objections to the assumption 
that the two groups are practically identical, and only differ in 
details. The central figures, allegorical and symbolical, are 
common to both ; and nothing remains but the so-called names of 
these figures to make the Central American system the exact 
counterpart in plan and value, of the Mexican picture sheet. This 
becomes still more apparent if we turn to the carvings and archi- 
tectural ornaments exhibited on the ruins scattered over the areas 
of Guatemala, Chiapas and Yucatan. 

Among these we select as typical, the carved monoliths of 
Copan, at the confines of Honduras and Guatemala ; the sculptured 
tablets, called of the "Cross" and of the "Sun," at Palenque, in 
Chiapas ; and the vividly colored paintings on stucco, which adorn 
some of the walls of Chichen Itza, in Yucatan. 

The pillars of Copan consist in the main of a central figure, the 
face and bust of a man, fancifully dressed, which is surrounded by 
a framework of Katuns. The latter, running even across the body, 
thus presenting a striking analogy with the Codex Miro of Sr. 
Melgar. The feet of the statues protrude at the bottom, in front, 
but the sides of the pillars are covered exclusively with Katuns, 
thus exhibiting a preponderance of the latter similar to that shown 
in the Dresden Codex. We have here the three elements : object, 
number and date, clearly represented, even in the case of erect 
statuary. 

The famous tablets of the "Cross" and of the "Sun," at 
Palenque, are perfect types. In them, the Katuns appear reduced 
to a more or less continuous fringe or border, as are elsewhere the 
Mexican calendar tokens. The allegorical and symbolical groups 
of the central field are boldly prominent, as in the most typical 
Mexican pictures ; and furthermore, the leading human figures 
appear connected with smaller ones, which stand to them in a 
relation strikingly similar to that occupied by the "names" on 
Mexican paintings. 

The ruined walls of Chichen exhibit various kinds of symbolical 
representations. One of these is remarkably typical: it is the 
painting copied by Mr. J. L. Stephens, from the doorway of the 
Akab Zib, as the construction is called. Others, contained in 
other edifices, show such a close resemblance to the more compli- 
cated historical paintings of the Mexicans (as shown, for instance^ 



BY AD. F. BAKDELIER. 323 

by the Codex Telleriano Remensis), that Mr. Stephens, one of the 
greatest authorities on Central American archaeology, exclaims : 
* 'Among them are seen designs and figures which call forcibly to 
mind the well known picture writings of the Mexicans ; and if 
these analogies are sustained, this building attached to the walls 
of the Tenuis Court stands an unimpeachable witness that the 
people, who inhabited Mexico at the time of the Conquest, belonged 
to the same great race which furaished the builders of the ruined 
cities of Yucatan." The only objection of any value whatever, 
raised against these analogies, was based on the hypothesis that 
the Katuns were phonetic or syllabical signs. Since, however, it 
is proven that the latter are but calendar signs and numerals, the 
analogy mentioned by the great American explorer is not only 
sustained, but transformed into actual identity ; and his remarka- 
ble sugtrestion becomes a fact recorded in words as well as in 
picture. 

It is, therefore, utterly useless to search among Central Ameri- 
can relics for any hidden art of pictography, or lost knowledge of 
writing beyond what is positively known of Mexican paintings 
proper. The onl}'^ difference existing between the two groups is 
one of details^ and not of principle or system. The degree of 
development was about equal in both ; only, as well as the lan- 
guages of the people differed radically, so did the chronological 
signs and the numerals, where the expression of higher numbers 
was required. 

But after we have once determined the true nature of such 
didactic representations, and found them identical so far in Mexico, 
Chiapas, Yucatan and Guatemala, the question arises : How and 
to what extent can they be made available as historical sources? 

The truly narrative portion is wanting in all these paintings. 
Oral traditions have to supply this want. Such traditions were 
numerously' preserved, and many of thfm are recorded as expla- 
nations to the Codices above mentioned. The combination of 
such traditional records with the paintings, gives to the latter 
their true value. It is stated, for instance, that a certain event 
actually took place, but this event is perhaps related in various 
ways, and even so much disfigured that it is almost impossible to 
ascertain the truth. We quote, as an example, the occurrences 
immediately preceding the formation of the Valley Confederacy of 
Mexico, and the war between the Mexicans and Chalco. Both of 
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these events, however, are represented in the Codex Telleriano 
Remensis, together with the dates when they occurred, and these 
paintings are indications as to thcU version which is really aathen- 
tic. But any attempt at interpretation of like paintings, where 
such definite traditions about the events or occurrences are not 
extant, must be carried on with the greatest caution, always re- 
membering how far the painting may be reliable, and carefully 
avoiding any tendency towards adding fanciful or foreign notions. 
The history of some of the better known Mexican picture leaves 
ioaplies many warnings on that score. We recall here the erro- 
neous interpretation of the so-called '^ Aztec Migration;" a 
painting likely from after the Conquest, which was introduced to 
the scientific world by Gemelli Carreri, two hundred years ago, as 
exhibiting the wanderings of the Mexican aborigines from Asia 
to their ultimate abode in America. The late Sr. Jose F. Ramirez, 
of Mexico, has conclusively proven that it but sketches the 
shifting of the Mexican tribe about the lake basin of Central 
Mexico. The mistake of Gama in explainrng the sculptured rock 
called "Montezuma's watch," as a gnomon or calendar stone, 
whereas, as its very face tells us, it was but the stone of sacrifice, 
is still more instructive. Had the great Mexican scholar consulted 
native tradition about the stone, as embodied in the '^Mexican 
Chronicles" of Tezozomoc, he would have seen how that "stone 
of the Sun" was made and for what purpose, how and when in- 
augurated and whereto it was subsequently cast away. It has 
fallen to the lot of another learned Mexican, Sr. Alfredo Chavero, 
to correct the errors of his distinguished countryman, and in this 
he succeeded only through a careful, critical study of Mexican 
aboriginal traditions which, besides Tezozomoc, Diego Duran, 
and the anonymous author of the Codex Ramirez have preserved. 

From the remains of American indigenous commemorative art, 
we now turn to native recollections ; to myths and traditions of 
the Indians of Spanish America. 

Here we must premise that very few myths can be found which 
extend outside of the scope of stock language. Every creed, of 
course, embodies historical elements, and it would seem that 
among the mythological figures of every tribe it would be easy 
to pick out such as were almost identical with others of remote 
countries ; thus indicating old historical connections. The analogy 
is indeed striking between the Tonapa or Tarapaca of Bolivia, the 



BY AD. F. BANDELIER. 825 

Nemt^requeteba of Bogota, and the Quetzalcohuatl, Caculkan and 
Gukumatz, of Mexico, Yucatan and Guatemala. Nevertheless, 
we should be greatly mistaken if, as some distinguished investiga- 
tors have attempted, we were to identify these different mythical 
personages with each other, and to base upon that assumption an 
early history of this continent. We must never forget that all 
such myths are to be studied in close connection with the places 
and with the sources where they were current among the people, 
and that, ere we permit ourselves to reach over into the realm of 
comparative generalization, a thorough knowledge of the subject 
must be secured. In most cases such an investigation will not 
achieve striking results at once. Thus, out of the five instances 
above quoted, three relate to the same : to Quetzalcohuatl, a 
historical figure of Mexico and Central America. Nemterequeteba 
again evidently is a symbolical myth, an impersonation of the 
struggle for life in certain tribes ; whereas the tradition of Tonapa 
may be regarded as even of doubtful authenticity, as far as Indian 
origin is concerned. With equal propriety we might use the tale 
of the fructiferous wand, found both among the southern Indians 
of the United States and in Peru, to prove that the Inca Chi^f, 
Manco Ccapac, once travelled out of the New Mexican pueblos to 
the Cherokees of Georgia. The tale of the flood is wide-spread, 
but as early as 1586, Father Joseph de Acosta wrote as follows : 
"that it cannot well be determined whether it relates to the 
general deluge treated of by the scriptures, or only to some local 
flood of which, as expert men relate, there yet are abundant traces 
visible." This utterance of one of the leading authorities of the 
16th century on American aboriginal history should be taken into 
account, by such as have applied the local traditions of Guatemala 
and Yucatan to the myth of the Atlantis. 

As a general rule, the more limited the area is over which a 
myth or tradition extends, the more likely is its authenticity and 
the greater its historical value. Such traditions form the actual 
basis of the histories written and published since the Columbian 
era, and it might be deemed natural now to turn to such writers 
of Indian origin as have preserved them in their works. Still, 
wherever the author of a work is known, he should, in this review, 
be treated in his proper chronological place, since he is a child, 
not only of his race^ but also of his times. ^ At the period when 
the Ixtlilxochitls wrote, when Tezozomoc composed his chronicles. 
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and Salcamayhaa gathered the tales of the Ajmard and Qquichaa 
tribes of ancient Peru, — the influence of European culture already 
weighed heavily on the natives. Consequently, these native 
authors cannot be torn from their natural connection with con- 
temporaneous literature on America. 

But there still exist some tales, or gatherings of tales, for 
which unimpaired aboriginal origin is claimed, and an origin at 
the same time so old that no definite authorship can be assigned 
to them ; they are, therefore, regarded as typically pure pro- 
ductions of Indian remembrance, strictly authentic, and oi 
corresponding authority for historical purposes. Four of these 
are particularly known. They are : for Peru, the poetical episode 
of Ollantay ; for Yucatan, the series of KatuneB,, preserved to us 
by Don Pio Perez ; and for Guatemala, the ^^Rabinal Achi;" but 
especially that bulky collection of traditions called " PopoZ- FttA." 

'' Ollantay '* purports to be a romance, or dramatic episode, 
relating events which occurred before the Conquest among the 
Qquichua tribes on the higher Amazon, and at a time when the 
Incas were extending their sway in that direction. It is commonly 
represented as the tale^of a bold rebellion against the power of the 
tribe of Cuzco, but it may equally well be that of a protracted 
resistance against said tribe. We must not forget that this tradi- 
tion has passed through many European hands, and the suspicion 
is therefore not unfounded, that its present shape of a popular 
drama, calculated to give a high opinion of poetical art among the 
Peruvian natives, is due especially to the well known efforts of 
the clergy to promote dramatic ai*t among the aborigines, in the 
same manner as children are trained to recitations and theatrical 
performances. Subsequently, "Ollantay" has been handled by 
several translators, who took the shape in which they found it for 
the one handed down from before the Conquest. All these succes- 
sive handlings have covered the original tradition with a coat of 
foi'oign varnish, beneath which it is not easy to discern the real 
substance. As a pure specimen of aboriginal poetry it must, 
thiM\>foro, be rejected ; as a historical tale it is limited to the 
loeality where the tradition existed, and the more so since the 
Spanish historians proper of the Inca tribe ignore even the name 
of Ui* pdMoit>al actor. Were we able to divest "Ollantay" of 
ovoiythlu}? which has accamulated around it during the past 
thivo iHMiturlca, it certainly would reveal important ethnological 
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data ; but we are convinced that these data would not confirm the 
notions now current about its real character and about the scope 
of its historical Information. 

Somewhat analogous to "OUantay" is the ^^ Rabincd Achi" a 
so-called popular play of one of the tribes of Guatemala. Here 
too the scope is limited, as well as the historical information. But 
the ^^Rabinal Achi" is valuable as a source for linguistics, and in 
this manner, on the territory which has witnessed its performance 
(however the latter may have become transformed through foreign 
influence), a territory broken up into a variety of dialects, with 
strange stock languages occasionally impinging, it still remains 
an historical source of some importance. 

For the sake of analogy, we have inverted our former order of 
enumeration, placing the "Rabinal Achi" before the chronological 
history of Yucatan or ''^Series of Katunes" of the Maya Indians. 

This singular document, written presumably about the middle 
of the 16th century, by a native of Yucatan, in the Maya lan- 
guage but with European letters, has been found and preserved 
by the enlightened magistrate of Peto, Don Pio Perez. Its pub- 
lication outside of Yucatan, first in the original and in English 
about 1844, subsequently, in the original with a French transla- 
tion in 1865, recalls two illustrious names in American archaeology, 
— those of John L. Stephens and of Charles Etienne Brasseur de 
Bourbourg. Hardly any doubt can exist as to the authenticity of 
the piece. But it is so strictly confined to the enumeration of 
dates only, that very little can be gleaned from it beyond the fact 
that a certain chronology existed, for which, however, the " Codex 
Pio Perez " itself gives no point of departure whatever beyond 
that during the ninth "Ajau," the Bishop Toral arrived in 
Yucatan. Fray Francisco de Toral lived in Yucatan between the 
years 1554 and 1571, and this is a slender basis for a connected 
chronology. Still it is a point of departure, and in this respect 
the ^' Series of Katunes" might furnish approximate ideas. But 
another difficulty arises out of the geographical names. A careful 
examination of these must convince us that some of them belong 
to a language different from that in which the document is written. 
Although many localities can easily be identified in Yucatan, many 
others are still in doubt, and the " Series of Katunes " requires 
further scrutiny ere it can become a reliable source for historical 
purposes. 
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But that gathering of Indian myths which has, within fifteen 
years, obtained the greatest celebrity, is the *' PopoU Vuk^^ called 
by its illustrious translator, Mr. Brasseur de Bourbourg, " The 
Sacred Book." We cannot help differing at the very outset, from 
the learned '^Americaniste," in regard to this title. Indian names 
and terms should be taken in the sense which Indians put to them, 
and not with hints at Egyptian terminology for instance. Thus 
the name of "Popol Vuh," according to M. Brasseur's own 
vocabulary, does not signify a holy writing, but simply " a gather- 
ing of leaves." 

The "Popol Vuh" does not bear, on its face, any date whatever, 
but at the close of it there is a statement which fixes the time of 
writing of the tales therein contained, at about the second half 
of the sixteenth century. Still it was only during the seventeenth 
century that the dominican friar, Francisco Ximenez, discovered, 
at the hamlet of Santo Tomas Chichicastenango in Guatemala, an 
obscure manuscript, written in the Qquiche dialect of that country. 
This document appears to have been the original of the pi*esent 
*'Popol Vuh." The original itself has since disappeared; but 
Fray Ximenez wrote, about 1720, a '' History of the province of the 
Predicant Friars of San Vincente de Chiapas and Guathemala ;" 
also a "History of the origin of the Indians of this Province 
of Guatemala, translated out of the QquichS into the Spanish 
tongue." (Both of these works seem to be extant at Guatemala, 
although they were never printed.) Into the former of these 
bulky manuscripts (originally composed of four volumes in folio), 
the Qquich6 text of the "Popol Vuh" has been copied by Fray 
Francisco Ximenez. He also made a Spanish translation, but, 
although he was so familiar with the Indian idioms of that country ^ 
as to use them like his mother tongue, his work in that respect is 
far from satisfactory to M. Brasseur de Bourbourg. Truly, the 
language is almost too fluent and too fine to be Indian. 

Father Ximenez saw, in the introductory parts of the "Popol 
Vuh," a dangerous plagiarism, committed by the devil on the 
Mosaic Genesis. There is nothing which proves that Ms copy 
should not be exact. But it is well to register the fact that he 
himself is struck by the concordance, or rather analogy, existing 
between the first parts of the "Popol Vuh" and the most ancient 
records of Semitic tribes. 

The value of whatever is clearly aboriginal among the traditions 
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thus preserved by Ximenez was felt, rather than ascertained, by 
subsequent ecclesiastics of Central America and Southern Mexico ; 
and towards the close of the last century, or at the beginning of 
the present one, Don Ramon Ordonez y Aguiar wrote a " History of 
the creation of Heaven and Earth," the manuscript of which is still 
preserved in fragments at Mexico. It is an accommodation of the 
contents of the "Popol Vuh" to dogmatic notions of the Church. 
In 1794, Don Felix Cabrera made further use of them for his 
"Teatro Critico Americano," in which he attempts to prove the 
descent of the Central American aborigines from the Semitic 
nations. In 1857, Dr. Charles Scherzer at last published the 
Spanish translation of Ximenez ; and finally, in 1861, M. Brasseur 
de Bourbourg gave to the scientific world the Qquiche original, 
with a French translation opposite ; and since that time the '*PopoZ 
Vuh" has remained, according to the side which is taken, either a 
suspicious riddle, or a valuable document for the most ancient 
history of Spanish America. 

There is nothing in the document itself to give any clew to its 
author. The time when it was written can be approximated as 
aforesaid, since there are two Indian chiefs of Guatemala men- 
tioned with Spanish names, one of which is stated as being in 
ofiSce at the time when the document was written. It fixes that 
time about the second half of the sixteenth century. That it was 
executed in Indian style there is no doubt. In that respect it 
comes under the same head as the " Codex Chimalpopoca," com- 
posed in Mexican in 1558, — as the so-called works of the Ixtlilxo- 
chitls of Tezcuco (previous to the last writer of that name) and 
others; — all written in native languages with European letter, 
towards the middle of the sixteenth century. That the writer of 
the "Popol Vuh" may therefore have been an Indian, there is 
no serious reason to doubt. But there are other considerations 
looming up here. 

We have already mentioned that the original of the "Popol 
Vuh" is no longer existing. Moreover, a full century elapsed be- 
tween the writing of that original and the time of its recovery by 
Friar Ximenez. The Spanish translation of the latter shows im- 
portant discrepancies with the Qquich6 text, and the question 
therefore arises : has that text remained intact up to the time when 
Ximenez incorporated it in his manuscript? This question we 
cannot answer, but the next one suggested is: how far are the 
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traditions related, of true Indian origin ? An examination of the 
contents of the document may throw some light on the subject. 
The ^'Popol Vuh" consists of four parts. The first and second 
relate to cosmogonical myths, to which are finally attached a 
number of Indian tales proper, among which certain notions of 
Indian institutions reveal themselves. The third and fourth parts 
record, Indian fashion, the story and fate of the Qquich6 tribe 
of Guatemala, from a remote period down to the Spanish Conquest. 
The first part is unique. Grand cosmogonic conceptions, clad 
in noble and impressive words, taper off into the unshapely fairy 
and monster tales of Vukub Caquix and of his sons. There is a 
surprising discrepancy between the opening and the close of this 
first section of the "Popol Vuh," — so startling even that it cannot 
help arousing our suspicions. They appear to have been written 
by the same pen, but to have been differently inspired. Besides, 
the analogy of the purported Qquich6 cosmogony and the Genesis 
is so striking that we perfectly well conceive how Ximenez could 
explain it as a work of the devil, in derision of the christian faith. 
We cannot resist the temptation to give a specimen of this re- 
markable production. 

^^This is the first book (or leaf) written in olden times, but its 
sight is concealed to him who sees and who thinks. Its appear- 
ance is admirable, as the tale of the times in which everything in 
heaven and upon earth completed its shape, the signs, the measure 
of their angles and their distribution, also the parallels in the skies 
and on earth, at the four ends and four (cardinal) points, — as it 
was spoken by the Creator and the Moulder, the Mother, the 
Father of life and being, by whom every one lives and breathes, 
Him the Father and living source of the peace of the nations of 
His well-bred people. He, whose wisdom has planned the excel- 
lency of everything that exists in the sky and on earth, in the lakes 
and in the sea. 

This now is the tale how everything was in suspense, eveiything 
was calm and silent, immovable and in peace, — the immensities 
of heaven being void. 

Now this is the first word and speech : There was neither man, 
nor animal, neither bird nor fish or crab, no wood, no stones, no 
ravines, no thickets or herbs or shrubbery, — the heavens alone 
existed. 

The face of the earth did not manifest itsel/ yet, the peaceful 
sea alone existed and the spaces of heaven. 

There was yet nothing which formed a body, nothing which held 
together, nothing that moved, not the least sound was heard in 
the skies. 
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Nothing stood erect ; the peaceful waters of the sea, calm within 
its limits, alone were, because nothing existed. 

Nothing but the immobility and silence in darkness and night. 
But alone the Creator, the Moulder, the Ruler, the feathered ser- 
pent, those who engender, those who give being, they are on the 
waters like a growing light. 

They are wrapt in green and in blue, therefoi-e Gukumatz is 
their name ; his being is of the deepest knowledge. This is how 
the sky exists, thus also is the heart of heaven ; such is the name 
of God, and thus he is called. 

Then it happened that the word (Brasseur translates this "his 
word," but Ximenez has it "the word") came thither, with the 
Kuler and the Gukumatz, in the darkness and night ; and it spoke 
to the Ruler and to Gukumatz. 

And they spoke : then, they advised together and pondered over 
it, they understood each other, joining their words and ppinions. 
•' And while they were thus advising together, dawn appeared, 
and as day broke, man made its appearance, whilst they were 
consulting upon the bringing forth and growth of the woods and 
vines, upon the being of life and mankind in darkness and night, 
— through him who is the heart of heaven, whose name is Hura- 
kan. 

Its first token is lightning, its second one thunder, its third 
is the deadly ray ; and these three together are of the heart of 
heaven." 

We can hardly fail to notice, besides the great similarity which 
some of the passages quoted exhibit with the well known words of 
the Mosaic traditions, the striking use made of the term "Word" 
in the sense of the " Logos" in the " Gospel of St. John." What- 
ever signification may be attached to the " Logos," its conception 
as an acting individuality, a personal spiritual being, is certainly 
not Indian. That the "Popol Viih" is, therefore, in its first sec- 
tions, a suspicious document (to say the least), is very probable. 
It is very singular that even the most diligent gatherers of Central 
American traditions, like Las Casas and Garcia, make no mention 
of the cosmogonic tales apparently preserved by the " Popol Vuh." 
The suggestion of a so-called pious fraud, or rather of a modifica- 
tion of Indian myths for the purpose of alluring the natives into 
conversion, is therefore plausible. This impairs at once the value 
of that part of the "Popol Vuh" as an historical source. In the 
remainder of that first section, M. Brasseur has thought to see 
geographical myths, or rather the record of great natural convul- 
sions, whose forces appear impersonated in the figures of Vukub 
Caquix, of Zipacna and Cabrakan. His opinion is sustained by 
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the fact that some of the names given by aboriginal dialect to 
volcanic peaks of Guatemala correspond to those of the heroes of 
the " Popol Vuh." But this in turn proves that the convulsions 
of nature supposed to be related were local phenomena only, the 
myths themselves but local myths, — and thus the theory (or hy- 
pothesis rather) falls to the ground, which identified the Atlantis 
with the West Indies, and which attributed to that ill-fated mythical 
Island the ^'peopling of America." That the second half of the 
"Popol Vuh's" first part records genuine Indian myths cannot be 
doubted : two celebrated authors, nearly contemporaneous with 
the probable date of writing, the "Popol Vuh," the Franciscans 
Mendieta and Torquemada, both -attest their authenticity. 

As soon as we turn to the remaining three sections of the 
"Popol Vuh," we are on very valuable ground for historical pur- 
poses. They contain the plain history of an Indian tribe, recorded 
by one of its members who fully understood its organization and 
institutions, and who consequently gives a true picture of the 
development of such institutions up to the time of their overthrow 
by the Spaniards. We do not hesitate to say that American abo- 
riginal history has no document or source whatever, which is more 
valuable than the three last parts of the " Popol Vuh ;" but we 
are equally convinced that a closer study of the Indian language, 
in which it is composed, is absolutely needed. A new translation 
of it should be undertaken. Such a translation, if based upon a 
thorough knowledge, not only of the philological elements of an 
idiom, but also of the train of thought and state of society and 
family among the nation who spoke it, must draw from the 
"Popol Vuh" facts, which will settle some important questions of 
aboriginal history in Spanish America. 

The "Popol Vuh," however, exhibits one peculiarity. It is 
devoid of any and all dates. A vague genealogy may, coupled 
with striking events otherwise ascertained, ultimately cover this 
defect to a certain extent; but that very infirmity has still a 
redeeming feature, because, in its present shape, the text of the 
"Popol Vuh" cannot give any show to inconsiderate enthusiasts 
towards the fabrication of an uncouth imaginary chronology. The 
"Popol Vuh" has already been so largely misused, whereas it is 
80 little hiown^ that any quotation from it must remain suspicious, 
so long as the author does not give any satisfactory evidence of 
his ample knowledge about the document and of its history proper. 
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Reserving, as we have already said, the bulk of authors of 
American aboriginal origin for their chronological position in the 
series of sources produced after the conquest, it remains for us to 
cast a passing glance at several traditions, myths and actual 
"legends," current among nations and races, which, at the time 
when Columbus discovered the shores of America, were settled 
outside of that continent. They are all of very old date, and the 
oldest one, at least as far as its recording is concerned, is the 
Greek myth of the ^^ Atlantis" I call it a Greek tale since Greek 
autliors have preserved it, although, from its purported origin, it 
should properly be defined as Egyptian. We would not have 
referred to the Atlantis here, had it not become the subject of 
much speculation, within the past twenty years. To such as have 
indulged in the fancies which the celebrated dialogue in Plato's 
Timaeos may appear to foster, there is little consolation to offer. 
The results of the Challenger expedition have scarcely left any 
show for that great wreck, which the destruction of the Atlantis 
should have scattered between Europe and America ; and Sr. 
Naranjo y Gil appears to have conclusively settled the question 
about a possible connection in origin of the Canary Islands with 
a sunken area of greater expanse. The Atlantis myth was thor- 
oughly sifted in the sixteenth century, and the results of such 
long discussions have been always negative, though with a timid 
doubt attached to them; or an " interrogation point" rather. It 
is singular indeed how long this tale has maintained itself before 
the scientific world. Forgotten during centuries, it turns up with 
intreased vitality at the latest period, to be utterly refuted again. 
Nevertheless, it leaves an indelible mark in the aboriginal history 
of Spanish America. Whether this mark is but the scar of an ugly 
ailment, or whether it is a small germ, often crushed, though never 
extirpated, of future discoveries, we are not called upon to investi- 
gate. My own predilections and convictions incline strongly 
against the Atlantis. Still, I cannot refrain from mentioning the 
fact that even among the aborigines of Australia, the tradition of 
a continent now submerged, but having once existed to the East 
of theirs, has been found. 

The history* of the propagation of Christian dogmas in the 
British Isles has left to us a legendary tale so far incorporated in 
the annals of the Church of Rome, as to become connected with a 
particular day of its ritual calendar ; the sixteenth of May. It is 
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the legend of St. Brandan's voyage to a western paradise. The 
facts reported by this legend and those connected with the adven- 
tures of his disciple St. Machutes or St. Maclovius, during a trip to 
the Western Island of Ima, appear so fabulous, that they do not 
deserve particular mention. Still, while they are found repeatedly 
in various manuscripts written between the tenth and the fifteenth 
centuries of our era, they finally localized in the Islands of Madeira 
and of the Azores, where, at the time of Columbus, they were 
found in the shape of the fairy Island of San Borouden, reported 
to appear in sight towards the setting s^m, at certain periods of 
every year. This connects it with meridional or, in general terms, 
with Spanish America. Such anticipations of a western world 
occasionally loom up in charts drawn long previous to Columbus 
in the shape of a large [stand called Antillia, situated between 
Asia and Europe. We are unable, as yet, to define upon what 
basis of fact the latter indications repose. 

Of the numerous reports contained in the " Sagas" of the North- 
men about their voyages to western shores, but one — the tale of 
Gudleif Gudlaugson's adventures in an unknown land, far to the 
"west and southwest" from midway between Iceland and Ireland, 
whither he had been driven by north east winds — might be con- 
strued so as to allude to parts of Spanish America. There he met 
one of his countrymen, Bjorn Asbrandson, who had disappeared 
from Iceland in 999. Notwithstanding the disdain with which the 
Hon. Geo. Bancroft has persistently regarded the Northern Sagas 
about America, the perfect authenticity of the source, the '* Eyr- 
bijggia Saga," whence this story is taken, cannot be denied. T«he 
tale itself recalls forcibly the adventures of Alonzo Guerrero and 
Geronimo de Aguilar among the natives of Yucatan, between 1511 
and 1519, which are perfectly authentic. Still, while in general 
the occasional visits of Northmen to some parts of America 
are established beyond a doubt, it would be highly imprudent to 
extend the scope of their cruises beyond the limits of its northern 
section. In the story of the voyages of Nicol6 and Antonio Zeno, 
of Venice, and of their stay in a foreign western land between 
1388 and 1394, we can easily discriminate between truth and 
fiction. While it is highly probable that at least one of the two 
brothers aforesaid visited Greenland about the close of the 
fourteenth century, the details which he is said to have collected 
afterwards about countries farther south, and which details would 
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agree with the maDiiers and customs prevailing in aboriginal 
Mexico, are evident interpolations made even subsequent to the 
time of Cortes. 

Much stress has been placed, especially in some parts of Europe, 
on these so-called " pre-Columbian discoveries of America." While 
some of them can certainly not be denied, their importance* for 
aboriginal history of Spanish America should not be overrated. 
If we compare the reports of such early voyages, and even the 
myths and legends just mentioned, with native American tradi- 
tions, and especially with the degree of development and the 
customs of the aborigines, we meet with but very faint traces of 
analogy. Garcia, in his critical examination of the Atlantis myth, 
mentions the reported communal living of the ''AtlantidsB** in con- 
nection with analogous customs among the Indians of Peru. In 
conjunction with the tale of the Island "Antilla," mention is made 
of the flight to its shores, in the sixth century, of the Bishop of 
Oparto with some followers. They are said to have founded there 
seven cities. This recalls the seven caves or grottos, from which 
the seven tribes or kinships of Mexico are said to have issued ; the 
seven ravines of Tulan Zuiva of Guatemala ; the seven openings 
in the rock at Paucar Tampu in Peru ; and, finally, the seven New 
Mexican pueblos of Cibola. It is, as yet, unsafe to treat such 
indications otherwise than as interesting coincidences ; and the 
influence exercised on the destinies of the American aborigines, by 
such possible landings of Europeans, has certainly not left a 
pennanent mark. Like the Atlantis, and the protracted stay of 
the Northmen in New England about the eleventh century, they 
have even been forgotten by the natives, for it would certainly 
be very injudicious to identify the " Votan" of Chiapas with the 
'* Wodan'* or ''Odin" of Scandinavia and Germany, or to acknowl- 
edge in the landing of Toltecs at Tampico an Irish colony on 
Mexican soil. 

Only one European nation, the Swiss, has been, during the 
past four centuries, spared the honor of being treated as the 
progenitors of the "noble red man," or his forerunners on the 
soil of America. Africa must feel somewhat neglected on that 
score, whereas Asia has, out of whatever nomadic or semi-nomadic 
hordes ranged over its northern half, been called upon to contribute^ 
largely towards our aboriginal population. 

While such theories and speculations necessarily remain foreign 
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to the subject of this paper, the ancient literature of the Chinese 
Empire, however, possesses documents of unquestioned authen- 
ticity, which, through their interpretation by European scientists 
as relating to America, deserve to be mentioned here. We allude 
to the reports on the land of Fu Sang, situated far to the east of 
China, which region Mr. De Guignes, who in 1761, first gave a 
translation of the Chinese stories, identified with America. His 
work has been followed by successive affirmations as well as by 
disprovals, which, after 127 years still leave the Fu Sang problem 
(as we may call it in relation to America) in the same original 
condition of doubt and mystery. 

But it is well to note here that the story itself, as a genuine 
production of a Chinese writer who lived about the seventh century 
of our era, has never as yet been subject to doubt. Its authen- 
ticity is so far unimpeached. The question, as to whether Fu Sang 
really means America or not, is the only one at issue. This ques- 
tion becomes very important from the fact that the Chinese annals 
claim to have gathered their knowledge of the country from 
Buddhistic pilgrims who resided there, the first of that class of 
priests having visited Fu Sang in 455, " when they propagated the 
religion of Buddha, scattering also holy books and holy images. 
They taught the people the rules of monastic living, thus changing 
their manners and customs." The time when such a Buddhistic 
mission to America is said to have taken place corresponds about 
with the dates assigned, in some histories of Mexico, to the settle- 
ment of Toltecs and the advent of Quetzalcohuatl. Unfortunately, 
there is very little in the numerous tales about the latter person, 
or about the religious ideas of Mexican tribes at his time, which 
reveal Buddhistic principles. In fact, there is no trace to be found 
of the latter in any aboriginal creed or mythology of the New 
World. Therefore, while it is very possible, and even likely, that 
Buddhistic priests may have visited America at an early date, 
their claim of having reformed its inhabitants, introducing a new 
religion, and thus wielding a powerful influence on their subsequent 
destinies, falls to the ground, and with it the Fu Sang tale becomes 
deprived of its chief importance. Early communications between 
the seafaring people of Eastern Asia and the western coasts of 
America probably occurred, and that Li Yen's book of Fu Sang 
really treats of such a communication appears to us very likely, 
notwithstanding the uncouth and fabulous details contained in it. 



BT AD. F. BANDELIER. 837 

Such exaggerations and misstatements but confirm its authenticity 
of origin and date. But the fact that such a communication is 
indicated does not necessarily make the document itself a valua- 
ble historical source. Still it is an indication of the possible 
existence of other similar sources in the extensive literature of 
China and Japan. 

Having thus, not exhausted, but attempted to characterize, both 
the strictly aboriginal records and the scanty traces dating, among 
the inhabitants of other continents, previous to the close of 
the fifteenth century, we approach the time when the so-called New 
World was at last called upon to enter into continuous intercourse 
with the remaining parts of the earth's surface. The nations of 
Europe had long possessed the art of writing ; the printing press 
had just been introduced among them, thus facilitating reproduc- 
tion, and consequently diffusion of knowledge. When, therefore, 
at the end of the bold sailing of Columbus, he struck the shores of 
the unknown land, the fog lifted before the eyes of Europe only 
to uncover an uncomprehended riddle in nature and in history. 
With the resources then at hand, the intellect of Europe began to 
work at the solution of the problem which the New World offered, 
and is working at it still. The result of it has been a vast 
literature on American aboriginal topics, which literature will 
form the subject of a future communication. 

Note. — It was my intention to give such annotations to this 
paper as would substantiate the statements made, but while the 
material for the notes was ready, they could not be fully written 
in time for the present publication. Thus, what I consider the 
essential part of the paper, is unintentionally omitted. It is my 
purpose, however, to reprint the series of papers, upon which I 
am now engaged, in book form at some future day, when the pres- 
ent deficiency will be amply remedied. — A. F. B. 

A. A. A. 8., VOL. XXVn. 22 
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OP 

THE ST. LOUIS MEETING. 



HISTORY OF THE MEETING AND GENERAL REPORT OF THE 

PERMANENT SECRETARY. 

For the second time, daring the thirty years of the existence of the 
Association, a meeting has been held on the western bank of the Missis- 
sippi. The 21st meeting was held at Dubuque, and just six years after 
the adjournment of that meeting the 27th was organized on the 21st of 
August, 1878, at St. Louis, Missouri. In this connection it is of interest 
to note that of the twenty-seven meetings one has been held in Montreal, 
Canada, one in Charleston, S. C, nine in the New England States, eight 
in the Middle Atlantic States and District of Columbia, and eight in the 
Central States. 

Owing to the unprecedented heat from which the city had suffered, and 
to the epidemic of the yellow fever which was increasing to an alarming 
extent in the southern states at the time of the meeting, the attendance 
of members Arom the north and east was much lessened by the fear that 
the epidemic would extend up the river to St. Louis ; and this fear was 
increased by several erroneous and sensational reports that the fever 
had broken out In the city during the week preceding the meeting. 
However, notwithstanding the dread of yellow fever and the natural dis- 
inclination which eastern people have of going south-west in the uncom- 
fortable month of August, the attendance of members, as indicated by the 
register, was only thirty less than at the Dubuque meeting when distance 
was the only cause of their non-attendance. 

While it cannot be denied that the heat was excessive during the week 
of the meeting, it must also be acknowledged that the health of the city 
was unusually good, and with the exception of two or three members 
who were overcome by the heat on the long excursion to Pilot Knob and 
Iron Mountain, I did not hear of any case of sickness among the mem- 
bers, and the experience of this, as well as of the preceding meeting at 
Nashville, is certainly not unfavorable to fliture meetings in the south- 
western states. 

The kindness and special attentions of several members of the Local 
Committee, combined with the comfortable quarters at the Lindell Hotel 
and the airy rooms at the Washington University where the sessions were 
held, easily reached by a few minutes ride in the horse cars, were great 
alleviators of the discomfort occasioned by the heat. 

(841) 
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The statistics of the meeting are as follows : —All the officers elect, ex- 
cepting the ChairmaD of the Subsection of Microscopy and the Treasurer 
of the Association were present, as was also the retiring President. One 
hundred and thirty-four old and new members signed the register. 

Two hundred and eighteen persons were elected to membership, in- 
cluding one hundred and seven citizens of St. Louis who, as members of 
the Local Committee, were, out of compliment, oifered membership with- 
out the usual formalities. Of the whole number one hundred and seven. 
Including thirty-three of the Local Committee, h{\ve perfected their mem- 
bership. Up to this date five hundred and fifty-eight members have paid 
the assessment for the St. Louis meeting. Sixteen members were made 
fellows. 

Notices of the decease of twelve members, including one past president 
and three of the founders of the Association, were given at the meeting. 

One hundred and three papers were entered on the list, of which eight 
were declined either for want of abstracts or as not being appropriate to 
the Association, four were withdrawn by their authors, and one by Mr. 
Marshall was given as a free, popular lecture to the citizens of St. Louis. 
Of the papers placed on the daily programme for reading, thirty-five were 
in Section A, including eight in the subsection of Chemistry and two in 
that of Microscopy. Fifty-five were in Section B, divided as follows : 
Anthropology, eighteen ; Geology and Paleontology, seventeen ; Zoology, 
sixteen ; Botany, four. Of the papers read in the two sections, fifty-three 
were accepted for publication in fall or by abstract, but the authors of 
several of the accepted papers failed to send their manuscripts in time for 
publication in the volume, though most of these have appeared or will 
appear in other publications. 

On Wednesday evening the addresses of Vice Presidents Thurston and 
Grote were delivered at a union meeting of Sections A and B. On Thursday 
morning the Subsection of Chemistry united with Section A, and the ad- 
dress of its Chairman, Prof. Clarke, was given. In the evening the retir- 
ing President, Prof. Newcomb, delivered his address in general session. 

The Subsection of Chemistry held distinct sessions on Friday and Mon- 
day, and the Subsection of Microscopy had a conversazione on Friday 
afternoon and a session for the reading of papers on Tuesday. 

Notwithstanding the fact that one-third of the papers entered in Section 
B related to Anthropology, it was deemed advisable by the Section not to 
sub-divide, and hence the Subsection of Anthropology did not officially 
organize. 

The Entomological Club of the Association was well attended and held 
several meetings. At the meeting on Tuesday afternoon the President's 
address was delivered. The following Officers of the Club were elected 
for the next year: J. A. Llntner, of Albany, President; Wm. Saunders, 
of London, Ontario, Vice President; B. Fickman Mann, of Cambridge, 
Secretary, 

The Cash Account presented to the Standing Commiteee at St. Louis, 
and covering the period embraced between August 12, 1877 and August 13, 
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1878, including tlie Nasliville meeting, presented a more favorable appear- 
ance than for several years previous, as will be seen by the account as 
printed on another page. Agreeably to a vote of the Standing Committee 
at the Nashville meeting the Treasurer has paid the debt due the Perma- 
nent Secretary, and the current receipts for the year were sufficient to 
meet the expenses for the same period, while, owing principally to the 
second generous donation from Professor William B. Rogers, a balance 
of one hundred and six dollars and seventy-six cents was carried over 
to the next account. The increase of receipts from entrance fees and as- 
sessments was about four hundred dollars over the preceding year, that 
from the sale of publications was a little over ninety dollars more, while 
the office and general expenses were one hundred and thirty-four dollars 
less than the year preceding. On the other side, the expense of the Nash- 
ville volume was one hundred and twenty-five more than the Buffalo vol- 
ume. There was paid also a bill of twenty-five dollars for illustrations 
belonging to the Buffalo volume, and one of thirty-three dollars which 
should, following the custom of preceding years, properly be charged to 
expenses of the St. Louis meeting Fifty dollars were added to the Life 
Membership ftmd. 

One thousand copies of the Nashville volume were received firom the 
printer on July 19, 1878. Of these 737 have been distributed to members 
up to this date, 170 have been distributed by vote of the Standing Com- 
mittee and 15 have been sold. Of back volumes 31 have been distributed 
to members, 115 by vote of Standing Committee, and 69 have been sold. 
Of the Memoirs, 7 copies have been sold, and 3 have been sent by vote of 
Standing Committee. 

As the fUU report of the General Secretary gives the details in relation 
to the meeting, it is only necessary to allude here in general terms to the 
special courtesies which were extended to the members of the Association 
by the citizens through the Local Committee, and the facilities and con- 
cessions which were obtained by the Committee. First in order it is 
proper to acknowledge the efforts which the Local Committee made in 
regard to the transportation of members from all parts of the country at 
reduced rates of fare. In this work of love Dr. Taussig, the Chairman of 
the Local Committee on Transportation, was indefatigable, and though 
some of the railroad companies considered it necessary to put so many 
restrictions and regulations on their offers of reduced rates as to make it 
almost impossible for the members of the Association to take advantage 
of the concessions, others were far more liberal, and over many of the 
routes the way of the poor scientist was made easy. The proprietors of 
the several lines of sleeping and drawing room cars also were liberal in 
their concessions, and in general allowed members to return from St. 
Louis free of charge for berths and sea]:s. The principal express com- 
panies of the country were not behind in liberality, and generously trans- 
mitted packages for members to and from St. Louis free of all expense. 
While the St. Louis Bridge and Transfer Companies were equally liberal 
and furnished free transportation on the presentation of a member's 
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Association ticket, the Transportation Company also provided special 
coaclies for the Association on several occasions daring the meeting. To 
Col. Clowry, the Superintendent of the Western Union Telegraph Com- 
pany, the members of the Association were under especial obligation for 
the arrangements made l)y which the Western Union permitted the ftee 
use of their lines thronghont the country to members of the Association 
during the week of the meeting for all personal dispatches and for busi- 
ness relating to the Association. To members from a distance this was 
indeed a great concession on the part pf the Telegraph Company, and one 
that was thoroughly appreciated. 

As the proprietors of the principal hotels in the city also made a con- 
siderable redaction in their rates in favor of members of the Association, 
it will be realized that the expenses of members attending the meeting 
were much lightened. 

To W. H. Falsi fer, Esq., the Chairman of the Local Executive Commit- 
tee, and to Prof. J. K. Rees, the Local Secretary, too much praise cannot 
be given for their untiring efforts before and during the meeting to make 
the meeting a success, and in this work they were most cordially assisted 
by other members of the Local Committee, and though it is difficult to 
mention particular names, where so many were doing their utmost to 
malce the wheels of science run pleasantly among the by-ways of so- 
cial life, it would not be doing Justice to the history of this meeting 
should omission be made of the names of Judge Speck, George Bain, 
Esq., Dr. George J. Engelmann, and Dr. Enno Sander, the several chair- 
men of the sub-committees of the local organization, who, with so many 
others, were ever ready to do all in their power to add to the comfort of 
members by lavish hospitality and good will to all. To the Chairman of 
the Local Committee, Chancellor Eliot of the Washington University, the 
Association was indebted for efforts in the preliminary arrangements and 
for his influence in obtaining the use of the University rooms for the 
sessions, though he was unfortunately absent from town during the 
meeting. 

To the younger members of the Association it was gratifying to And 
among the Local Committee the respected and venerable botanist. Dr. 
George Englemann, one of the founders of the Association, who has ever 
taken a deep interest in its work and retained his membership intact from 
the beginning. It is needless to say more than that his warm heart made 
all who loved science welcome to his home, alas, since the meeting so 
sadly bereaved. 

On Wednesday night, after the addresseftof Vice Presidents Thurston 
and Grote, the members were conveyed to Schnaider*s Garden, where they 
were invited to a Garden Concert, by the united singers of* St. Louis, 
under the direction of Mr. Han;^ Balatka. Two hours were here most 
agreeably passed listening to several beautiful and stirring German songs 
by a large chorus, amid a quiet and orderly audience of several thousand 
persons. 

On the following evening, after President Ncwcgmb's address, the Citl- 
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zen's Committee received the members of the Association at the parlors 
of the Lindell Hotel, and the opportunity was thas afforded members to 
malte the personal acqaaintance of many of the kind citizens of St. Loais. 

Friday afternoon and evening were devoted to a ride in open carriages 
under the direction of the Reception Committee. Nearly all the members 
took advantage of this opportunity to see some of the beaatifhl portions 
of the great city of the West, and the pleasant drive was mnch enjoyed. 
The cool shade of the roads through Lafayette and Tower Grove Parks, 
was a most welcome change from the heat of the morning, and the drive 
and ramble through the far-famed, extensive and beautiful Park and Bo- 
tanical Gardens of Mr. Shaw, were a delightfhl termination of the long 
drive which every one was ftilly capable of appreciating, while the sight 
of the hundreds of choice and rare plants of many orders, which were 
pointed out by Mr. Shaw and Dr. Englemann, must have been to the 
botanists a treat not often enjoyed. 

Saturday was given to an excursion to Iron Mountain and Pilot Knob. 
A special train of eight cars containing three hundred and fifty members 
of the Association and invited guests, including many ladies, left St. 
Louis at quarter of ten in the morning, and all returned safe at mid- 
night, after a profitable and enjoyable excursion, notwithstanding that the 
day proved the hottest during the meeting, the mercury indicating 98® in the 
cars. This excursion was suggested by Hon. Thomas Allen, President of 
the Iron Mountain and Southern Railroad Company, who ftirnished the 
train f^ee of cost, and was under the personal charge of Mr. Bain, the 
Chairman of the Local Committee on Excursions, assisted by Messrs. 
Pulsifer, Speck, Col. Arthur, Manager of the road, and A. W. Soper, 
Esq , its Superintendent ; and the successftil management of the ex- 
cursion of eighty-nine miles and safe return of the large party, is due 
to their great care and foresight. At Iron Mountain, the party were 
under the guidance of Prof. Broadhead, the State Geologist of Mis- 
souri, who gave an account of this interesting geological region. After 
the examination of the mountain and the extensive iron works upon 
it, the party went on to Arcadia, where a dinner was served under a large 
pavilion on the lawn of the hotel, after which the visit to Pilot Knob 
was made, and geology and history studied under able instructors, as 
there were present not only geologists who were familiar with the locality, 
but also both Union and Confederate officers who took part in the terrible 
battle of Pilot Knob in 1864. A writer who was on this excursion closes 
his account in the following words: **The trip back to the city was de- 
lightflil. The soft evening air tempered the intense heat of the day, the 
lightning gleamed fitfUlly along a bank of clouds low on the horizon, the 
moon shed a silvery light on the passing scenery, and at midnight we were 
again safe in our quarters, after a day of absorbing interest and enjoyment.'* 

On Sunday evening a steamboat was placed at the disposal of such of 
the members as wished to enjoy the cool evening breeze upon the river. 

Monday and Tuesday were entirely given to work in the sections, and 
on Tuesday evening, the last general session was held. 
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Preceding the a^Joarmnent andoancements had been made by the Local 
Committee of the several excarsions which were planned for Wednesday, 
and arrangements which had been made for the final excursion to Colo- 
rado. One of the trips planned for Wednesday morning, and enjoyed by 
a number of members was to the Silver Reduction Works at Cheltenham. 
Another excursion was to Cahokia Mound on the Illinois side of the river. 
This is the largest of the ancient mounds within the limits of the United 
States, and is located in the jcentre of a large group of mounds on the 
Great American Bottom. It is a< pyramidal structure, now over ninety feet 
in height, covering an area of over thirteen acres, and proved a most 
interesting object to the large party that went on the excursion. Several 
members started in the morning in carriages under the guidance of 
Messrs. Conant, Hilder, Croswell and Patrick, and made a carefUl exami- 
nation of the mound and its surroundings, and had a more satisfactory 
visit than fell to the lot of the large party that arrived by special train in 
the afternoon, but all were struck with wonderment at the sight of the 
immense tumulus, the work of an unknown prehistoric nation which 
once extended Arom the waters of the Mississippi eastward to the Alle- 
ghanies, and probably southward to the Gulf of Mexico. 

At nine o'clock on Wednesday night the final departure of members from 
the city was begun, by the leaving of those who had made their arrange- 
ments for the Colorado excursion, which was to be of twelve days dura- 
tion. This extensive excursion had been arranged with the utmost care 
by Dr. Taussig of the Local Committee, and owing to this not a delay nor 
an unpleasant incident occurred, and all who participated were warm in 
their praises of the arrangements which enabled them to accomplish and 
see so much in the time alloted, and at the moderate expense of not one- 
third the ordinary rates. The party consisted of forty-five, including sev- 
eral members of the Local Committee who took special charge of the ex- 
cursionists and looked after all details. Two Pullman cars were placed 
at the disposal of the party, and Mr. Y. W. Fisher, of St. Louis, with 
Mr. Lyman McCarty, of Kansas City, were the efficient managers en route. 

It would be beyond the scope of these remarks to give a detailed ac- 
count of this instructive and enjoyable excursion, which was regarded by 
all its participants as a most delightftil closing of the twenty-seventh 

meeting of the Association. 

F. W. Putnam, 

Salsm, May 6, 1879. Fermanent Secretary. 
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The Association assembled in the chapel of Washington University, 
St. Louis, Mo., at 10.30 a. m., on Wednesday, August 21, 1878, and was 
called to order by Prof. Simon Newcomb, the retiring President, who 
introduced the President elect. Prof. O. C. Marsh. President Marsh 
accepted the chair in the following words : — 

Members of the Association : I thank you most heartily for the honor 
you have done me in selecting me to preside over your deliberations. 
The Association in the past has held high rank among scientific organiza- 
tions, and it will be my aim and my pleasure, with your aid, to see that 
this standard of excellence is in no degree diminished. 

After prayer by the Rev. Dr. S. Sonnenschein, Prof. W. T. Harris, 
superintendent of public schools and chairman of the citizens reception 
committee, addressed the Association as follows : — 

Members of the American Association for the Advancement of 
Science : In behalf of the local committee, partly representing the St. 
Louis Academy of Science and partly representing the hospitality and 
public spirit of our citizens at large, it has been made my pleasant duty to 
introduce his Honor, the Mayor of St. Louis, who will extend to you the 
city's formal welcome. And by way of preface to that welcome which 
comes to you ftom our body politic — our municipal corporation — I am 
charged to express to you the gratification which is felt on this occasion 
by the members of our Academy of Science, and shared by all of our 
citizens who love the pursuit of science itself, or who appreciate its 
useflil applications to productive industry. Only once before* during the 
thirty years of your existence as the most honored and most useflil of 
American societies, have you held your annual meeting on the west bank 
of the Mississippi. 

Since your foundation in 1847, the centre of population in the United 
States has moved westward nearly two hundred miles, and the popula- 
tion now living west of the Mississippi is nearly ten times what it 
was then. By this we are strengthened in our hope that your future 
meetings will oftener be held in the west. For we have all read the noble 
words in whfch your constitution expresses the objects of the Associa- 
tion: *'By periodical and migratory meetings, to promote intercourse 
between those who are cultivating science in difibrent parts of America ; 
to give a stronger and more general impulse and more systematic direc- 
tion to scientific research ; and to procure for the labors of scientific men 
increased facilities and a wider usefulness." 

That the objects of the Association have been realized in the past, and 
are destined to be to a still greater degree realized in the fliture, is the 
occasion for the congratulations which we now oflTer you, as well as for 
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those which we exchange among ourselves over the ansplcious event of 
your presence with us to-day. That the scientific mind of onr whole 
country shall, as It were, focas Itself In tnrn upon each special depart- 
ment of research as it is presented here in y%ur deliberations, is of untold 
value in the way of stimulating investigation and of guiding aright its 
application. That, on the other hand, each specialist here participates in 
the fhiits of the labors of all specialists. Is of still greater value In broad- 
ening the views, in correcting methods and in giving that true scientific 
Insight which comes only to those who study each thing in the light of its 
relations to all other things. To your meetings and the meetings of your 
British namesake (only sixteen years older than your own society) is 
chiefly due the fact, that science, even pure science, is so highly respected 
by the so-called ** practical business men " of our time. The twenty-six 
volumes of your annual proceedings, and the similar volumes that record , 
the transactions of the British Association for the Advancement of 
Science, contain a complete record of scientific discovery during the 
period in which the greater part of our knowledge of nature has bee^ 
accumulated. Step by step, with this progress, of science, the nseftil arts 
have unfolded. The victories of science, which have revealed to us the 
structure of Nature and her fixed laws, have been succeeded by a conquest 
over the forces of Nature and their subjection to man's service. This has 
compelled men to recognize the value of natural science, and it is no 
longer considered visionary to occupy one's self with the study of the 
departments of Nature apparently remote flrom human interests and in- 
dustrial uses. 

In the recognition and appreciation of the Arults of science, an impel- 
ling cause is to be found in the widespread evils which oppose the un- 
aided might of man, and cover his labors with disaster. In the West 
you will find eager listeners everywhere to your discussions of the 
questions of meteorology, for there is the tornado and the drought which 
we would gladly prevent or avoid. Tour entomologists will be highly in 
honor, because we have the potato bug and the weevil, and the destroyers 
of the vine and of the fruit trees, and the famine-producing locust among 
OS. Your subsection of microscopy will be attended by people anxious to 
hear of the discovery of the animal or vegetable growths that cause the 
contagion of our various pestilential diseases. 

A more general interest in your investigations will be manifested by 
our merchants, manufacturers and business men engaged in mining or in 
transportation, for they see in the wake of science the luminous trail of 
inventions which annihilate for us those vast distances in space which 
baffle our western energy — inventions which convert our raw ores into 
metals, then into manufactured products for the markets of the world. 
These men will tell you with pride of the dreams which they dream of the 
fhture greatness of Missouri, its location on the great rivers Just at the 
focus of collection and distribution of northern productions for the south 
and of southern productions for the north — at the point where freight 
must be broken and made up anew — a state extending north to the middle 
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latitudes of Pennsylvania, Ohio and Illinois, and south to the middle lati- 
tudes of Tennessee and North Carolina, occupying a position, as regards 
the far west, somewhat similar to that of the Keystone State, Pennsyl- 
vania, which, with the settlement of the Ohio valley, became the greatest 
manufacturing state in the Union, because of its coal and iron, and its 
commanding position. We of Missouri are not a little vain of our 
possession of iron, coal and lead, and of our holding the key position as 
regards the southwest, and hence it happens that In the midst of our 
actual poverty of realization — our wealth and greatness being mostly 
possibilities — we And a never-failing source of consolation in making 
these inventories of natural advantages which even our enemies concede 
to us. With good reason our people prize science ; for Its fruits In this 
state will surpass all Its harvests In other times and other fields. 

But, In behalf of our St. Louis Academy of Sciences, allow me to wel- 
come you here, especially on the ground that your Association gives 
encouragement to science for its own sake and not for Its directly practical 
results In the fields of productive industry. They are aware, it Is true, 
that the disinterested pursuit of scientific truth Is resultant in the dis- 
covery of what is sure to prove most useful to art. But they well know 
that the scientific man whose eyes look askance at the useful, while he Is 
in the pursuit of truth, will fall in his labors because of the distraction 
of his mind. To your visit, therefore, our Academy looks for great assist- 
ance In the form of an Increased Interest among our citizens In natural 
science, which wlU continue to manifest itself after your departure. 

Trusting that you will appreciate the earnestness and sincerity of the 
welcome extended to your illustrious assemblage, all the more from this 
recapitulation of the interested motives which have their weight with 
individual citizens among us, I beg here to Introduce the bearer of our 
city's welcome, the chief magistrate of St. Louis, his Honor, Mayor 
Overs tolz. 

His Honor, Mayor Henry Ovkrstolz, on behalf of the city of St. 
Louis, delivered the following address of welcome : — 

Mr. President and Gentlemen: The meeting in St. Louis of so 
distinguished a body as the American Association for the Advancement of 
Science Is an event deeply interesting to our people, and in their name 
and as chief officer of the Municipal Government I extend to you all a 
sincere and cordial welcome. All that can be done to render your visit 
agreeable and to promote your entertainment will be attended to by the 
local committees, and It Is our hope that the pleasant Incidents of your 
reception, the hospitalities of our citizens, the Interest and importance 
of your proceedings, will, make the occasion memorable in the history of 
your Association, and enable each member to appreciate properly the 
spirit and culture of our people, the delightful characteristics of St. Louis 
as a place of residence, and its true commercial Infiuencc and Importance. 

This city, gentlemen. Is essentially an Industrial one — the centre and 
the capital of a vast agricultural and mineral region ; our energies and 
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efforts are natarally devoted to business, to trade, to manufactares, to all 
kinds of commercial enterprises. Tiie majority of our people have not 
mach time for scientific investigations and the higher intellectnal stadies, 
but our schools and universities, our libraries and other institutions of 
learning, will convince you that we are in active and earnest accord with 
the objects of your Association. We are well aware that the advancement 
of true science means the advancement of civilization, that it means 
progress in every branch of thought and of practical industry, that it 
means new light and knowledge to all classes of society, that it means 
toleration in all matters of opinion, the wisest method and principles in 
all matters of practice, and the correction of errors, without controversy 
or contention, by the discovery and development of truth, that it means 
in a word the advancement and happiness of the race. Your Association 
has in view these lofty objects, so vitally connected with true national 
prosperity, and for this reason we consider the meeting of your Associa- 
tion here as an honor to the city, and will regard your deliberations with 
profound and respectful interest. To the Association as a body and to 
the many gentlemen I see present whose names are illustrious in the 
literature of science and philosophy, I have the honor to tender the 
hospitality and heartfelt welcome of the city of St. Louis. We have had 
many conventions in this city during past years, commercial, political and 
religious; but this one for the advancement of science — this one that 
stands apart from all the antagonisms and hot issues of the hour, which 
has to do only with the simple and majestic cause of truth, possesses to 
us a pecaliar and universal significance. All classes unite in the good 
wishes I have expressed, and the heart of our population inspires the 
welcome I now extend. 

President Marsh replied as follows : — 

In behalf of the Association, I return our best thanks to the gentlemen 
who have spoken, and through them to the people of St. Louis, for this 
most cordial welcome. It is fitting that the Association, after having met 
in various smaller cities In the east and the west, should at last come to 
the great metropolis of the Mississippi Valley ; and it is especially gratify- 
ing to receive here such a greeting. In thus honoring science, St. Louis 
honors itself. We come here not among strangers ; because you have in 
your midst two institutions that are known and respected among scientific 
men throughout the country. The St. Louis Academy of Science and the 
Washington University, however quietly their work is done, do great 
credit to the city of St. Louis and the state of Missouri. This vast state 
of Missouri with its enormous natural resources can afibrd to be generous 
to science, and especially to cherish these two institutions. Science has 
done much for this community, in developing directly and indirectly its 
resources, and the debt, thus incurred, should be paid at home. 

We trust that the present meeting will do much for the Advancement of 
Science here. In conversing with one of the leading scientific men of 
England recently, he said that the work of the British Association for the 
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Advancement of Science was nearly completed, while that of the American 
Association was just beginning. 

We extend a cordial invitation to the people of St. Louis to attend the 
meetings during our session, and will endeavor to repay them in some 
measure for this generous reception. 

Thb General Secretary, Dr. H. Carrington Bolton, then an- 
nounced the arrangements made by the local and standing committees, as 
to the rooms for the several sections and subsections of the Association. 

He also read the following letter from W. H. Pulsifer, Esq., Chairman 
of the Executive (Local) Committee : — 

University Club, St. Louis, August 20, 1878. 
To Prof. F. W. Putnam, 

Permaneiit Secretary, A, A, A. S. 

Sir: — The Local Committee respectfully invite the members of the 
American Association for the Advancement of Science to participate in 
the following excursions and entertainments during the session of the 
Association in the city. 

On Wednesday, August 21st, the Association is invited through the 
politeness of Mr. Hans Balatka, representing some of the principal 
musical societies of the city, to attend an open-air concert to be given at 
Schnaider's Garden on Chouteau and Mississippi Avenues. For the 
convenience of members, omnibuses will leave the Lindell Hotel at 
8.80 p. M. The' grounds can also be reached by street cars. 

A reception at the parlors of tlie LindIbll Hotel, to occur immediately 
after the address of the retiring President, is tendered. 

A special train has been offered by Hon. Thomas Allen, President of 
the St. Louis, Iron Mountain and' Southern Railway, to convey members 
and their ladies to Iron Mountain and Pilot Knob. Omnibuses will 
leave the Lindell Hotel on Saturday morning, AuJ. 24, at 9 o'cloclc. The 
train will leave Plum St. Depot at 9.30. Returning, the city will be 
reached at 9 p. m. 

On Monday afternoon carriages will be provided for a drive through 
Lafayette and Tower Grove Parks, the Zo5logical and Shaw's 
Botanical Gardens. 

Arrangements have been made for an excursion on Wednesday, Aug. 28th, 
to the Silver Reduction Works, at Cheltenham, four miles from town. 
Trains will leave at 9 a. M., returning about noon. 

At 2 p. M. of same day, a special train will leave the Main St. Depot 
for a visit to Cahokia Mound. 

Arrangements have been made for opening, at this time, a mound which 
it is believed has been undisturbed since its erection. 

Respectfully yours, 

W. H. PULSIFBR, 

Chairman Executive Committee. 
On motion, the reception at the Lindell Hotel and the excursion to Iron 
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Mountain were accepted. The other entertainments were also accepted 
after slight modifications respecting the hours. 

The General Secretary then read the following communication from 
Mr. George Bain, President of the Merchants' Exchange : — 

St. Louis, August 20, 1878. 

Prop. F. W. Putnam, 

Permanent Secretary^ A. A, A. S. 

Dear Sir: — I take pleasure in extending a cordial invitation to the 

members of the "American Association for the Advancement of Science," 

to visit the Merchants' Exchange, at such time as may best suit their 

convenience. The regular session of the Exchange is from 11 a. m. to 

1 p. m., but the rooms will be open at such time as you may wish to visit 

them. 

Very truly yours, etc., 

George Bain, 

President, 

A meeting of the Entomological Club was announced for 3.30 p. m., at 
room No. 17 of the Lindell Hotel. 

Announcement was made that the titles of sixty papers had been re- 
ceived to date. 

The Association then proceeded to the election by ballot of six Fellows 
for members of the Standing Committee ; the following gentlemen were 
elected, by ballot, from the nominees : — 

Prof. A. G. Wetherby, of Cincinnati. 
Prof. C. V. Riley, of Washington. ' 
Prof. F. "W. Clarke, of Cincinnati. 
Dr. George Engelmann, of St. Louis. 
Mr. J. W. Osborne, of Washington. 
Prof.* A. H. Worthen, of Springfield. 

The General Secretary read the names of thirty persons recom- 
mended to membership by the Standing Committee and they were unani- 
mously elected. 

The Permanent Secretary, Prof. F. W. Putnam, presented the 
following brief notices of deceased Members : — 

News of the deaths of eleven members of the Association has been 
received since the Nashville meeting. This list includes three of its 
original members and one of its past presidents. 

Dr. Abram Sager, of the University of Michigan, died in 1877. He was 
elected a member of the Association at its 6th meeting. 

Mr. Ezra Read, of Terre Haute, Ind., died in 1877. He joined the 
Association at the 20th meeting. 

Prof. Joseph Henry, of Washington, D. C, died in Washington, May 
13, 1878. He was an original member of the Association, and President 
of the 2nd meeting, held in Cambridge, Mass., in 1849, and had always 
taken an active interest in the Association. 
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Prof. C. F. Hartt, of Cornell University, and Director of the Geological 
Sarvey of Brazil, died in Bio Janeiro, in March, 1878. He joined at the 
18th meeting, and was elected General Secretary for the following meet- 
ing bat, owing to his being in Brazil, did not serve. 

Mr. James Swain, of Fort Dodge, Iowa, died December 27, 1877. 
He joined the Association at the 21st meeting, and was one of the active 
members at the Dabuqae meeting. 

Mr. G. W. Keelt, of Waterville, Maine, died in 1878. He was an 
original member of the Association. 

Hon. John V. L. Pruyn, of Albany, New York, died in 1878. He, also, 
was an original member of the Association. 

Mr. Jambs Bowron, of South Pittsburg, Tenn., died in December, 

1877. He joined the Association at the 26th meeting. 

Mr. William Monroe, of Concord, Mass., died April 27, 1877. He joined 
at the 18th meeting. 
Rev. John W. Armstrong, D. D., of Fredonia, N. Y., died August 12, 

1878. He joined at the 24th meeting. 

Prof. Ebenbzbr S. Snbll, of Amherst, Mass., died in 1877. He joined 
at the 2nd meeting. 

Prof. F. W. Bardwell, of Lawrence, Kan., died in August, 1878. He 
joined at the 18th meeting. 

The recommendation of the Standing Committeb that the daily sessions 
should begin at 10 a. m. and continue until 2.30 f. m., with a half hour's 
recess at noon, was adopted. 

The Association then adjourned to meet in sections. 

Section A met in the Chapel of Washington University and was called 
to order by Vice President^ Prof. Robert H. Thurston, of Hoboken ; the 
Secretary, Prof. F. £. Nipher, of St. Louis, being in attendance. The fol- 
lowing gentlemen were elected members of the Sectional Committee : — 

Dr. R. H. Ward, of Troy. 

Prof. Simon Newcomb, of Washington. 

Dr. H. C. Bolton, of Hartford. 

« 

Section B met in Room No. 10, Library of Washington University, and 
was called to order by Vice President^ Aug. R. Grotb, of Buffalo, the 
Secretary, Dr. George Little, of Atlanta, in attendance. The following 
members were chosen for a Sectional Committee : — 

Hon. Lewis H. Morgan, of Rochester. 
Prof. J. M. Safford, of Nashville. 
Prof. J. A. Lintner, of Albany. 

The following were elected members of the Nominating Committee i — 

Prof. J. G. Henderson, of Winchester. 
Prof. G. C. Broadhead, of Columbia. 
Dr. £. A. Dalrymple, of Baltimore. 
Dr. W. Lb Rot Broun, of Nashville. 

A. A. A. S., YOL. XXVn. 23 



854 EXECUTIVE PBOCBBDnras. 

The Permanent Subeection O met in Room No. 2 of Washington Unirer- 
a\ty and was called to order by Frof« F. W. Clabkr, of Cincinnati, 
Chairman. The section organized by electing A. F. S. Stuart, Secretary^ 
and adjoamed. 

The Permanent Subsection D organized In Boom No. 4 of Washington 
University. In the absence of the Chairman^ Dr. Geo. 8. BLACkiB, of 
Nashville, Dr. R. H. Ward, of Troy, was elected Chairman pro tern., and 
Dr. Geo. J. Ekoblmamn, of St. Louis, was elected Secretary. 

By reason of the small attendance of members It was determined to 
meet for the present with Section A. 

At 7.30 p. M. the addresses of Vice Presidents Thurston and Grotb 
were delivered before the Association in General Session at the Chapel of 
the University. 

Thursday f August 22nd. The Second Day's Session was opened in the 
Chapel of the University at 10.16 a. m.. President Marsh in the Chair. 

The General Secretary read the following letter ft'om the Superinten- 
dent of the Mercantile Library : — 

Mercantile Library, St. Louis, Aug. 21st, 1878. 

Prof. J. K. Rbes, 

Local Secretary of the A. A. A, S. 

By order of the Board of Directors, I am Instructed to extend a cordial 

Invitation to the members of your Association to make use of the reading 

room and library during the session of your convention. On registry of 

names at the library, the librarian will be pleased to show attention to the 

members. 

Very respectftilly, 

Jno. N. Dyer, 

per W. H. H. Anderson, Asst. Librarian. 

The Report of the Committee to memorialize Congress and State Legis- 
latures regarding the Cultivation of Timber and the Preservation of 
Forests was presented, through its Chairman, Franklin B. Hough, and 
accepted. 

The names of thlrty-slx persons recommended to membership by the 
Standing Committee were read, and the persons were elected. 

President Marsh announced that the retiring President, Prof. Simon 
Newcomb would deliver his address at 7.30 p. m., in the Chapel of the 
University. 

The meeting then adjourned to meet In sections. 

In Section A the following gentlemen were chosen for members of the 
Nominating Committee : — 

Prof. John K. Rbes, of St. Louis. 
Prof. Faul Schweitzer, of Columbia. 
Prof. George F. Barker, of Philadelphia. 
Mr. Arthur H. Elliott, of New York. 
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At 8 P. M. the address of the retiring President, Prof. Simon Newcomb, 
of Washington, was delivered in General Session at the Chapel of the 

* 

University. 

Friday f August 2Srd. The Third Day's Session was opened at 10.15 a. m. 
in the Chapel of the University, President Marsh in the Chair. 

The General Secretary made the following annoancements : — 

Newly elected and newly arrived members are requested to register 
their names at the office of the Pbrmanbnt Secretary on the first floor. 

Members intending to take part in the excursion to Iron Mountain 
are informed that conveyances will leave the Lindell Hotel at 9 a. m* 
on Saturday. 

Members proposing to Join the Colorado Excursion can obtain tickets 
of Dr. Wm. Taussig, at Boom No. 22, Lindell Hotel, from 9 to 10 a. m. and 
from 5 to 6 p. m. 

The Standing Committee recommend to the Association alterations 
in Article 35 of the Constitution, so that it read : — 

"Any member or fellow who shall pay the sum of fifty dollars to the 
Association at any one time shall become a Life Member, and as such shall 
be exempt ft*om all further assessments, and shall be entitled to the 
Proceedings of the Association. All money thus received shall be invested 
as a permanent fUnd, the income of which shall be used only to assist in 
original research unless otherwise directed by unanimous vote of the 
Standing Committee.*' 

In accordance with Art. 88 of the Constitution, this recommendation 
lies over until the next annual meeting of the Association. 

The Standing Committee recommend that the Committee to Memorial- 
ize Congress in relation to Meteorological Researches be continued, that 
Prof. Elias Loomis, of New Haven, be requested to act as Chairman, and 
also that Mr. J[. W. Osborne be appointed to fill the vacancy caused by 
the resignation of Dr. James Plunket. Adopted. 

The Permanent Secretary announced a second donation of one 
hundred dollars from Past-president, Prof. William B. Rogers, of Boston. 

The General Secretary thereupon announced the following recom- 
mendation of the Standing Committee: — 

Sesolvedt That Prof. William B. Rogers' name be placed on the list of 
Life Members of the A. A. A. S. 

The resolution was unanimously adopted. 

Attention was called to Dr. B. F. Shumard's collection of Fossils and 
Minerals on exhibition daily from 2 to 5 p. m., at northeast corner of Pine 
and 16th Streets. 

On motion of Vice President Grotb, in behalf of the Committee, the 
Committee on the Introduction of Science into the Schools was con- 
tinued, and Profs. E. W. Hilgard, of Berkeley, and Geo. Little, of 
Atlanta, were added to the Committee. 



\* 
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On motion, a resolatlon was adopted permitting Mr. Thomas Bassnett, 
of Jacksonville, to read a brief commanlcation already referred to the 
Standing CoMMrrrBB. 

Whereupon Mr. Bassnett presented the following: — 

St. Louis, Aug. 21, 1878. 

As a' member of the American Association for the Adyancement of 
Science, I feel it my duty to announce to the Association that the theory 
of atmospheric vortices, presented by me to the Association in 1854, is 
now susceptible of being demonstrated by facts of almost dally occur- 
rence, by the correspondence between observation and calculation. These 
facts are the palpable passages of these vortices to the most careless ob- 
server, and their recognition by science is demanded by their vortic ai j^rr(^jjl 
influence in the ordinary business of the world, and by their close relation 
to many of the most interesting problems in Physics. 

Thos. Bassnett. 

Prof. Geo. F. Barker, of Philadelphia, then addressed the Chair, and 
in a few appropriate words introduced to the Association his friend. Dr. 
Thomas A. Edison. 

President Marsh welcomed Dr. Edison as a man who had done 
great service to science by his wonderftil inventions, and who had re- 
flected much honor upon the inventive genius of America. He was glad 
to be able to announce to Dr. Edison and the members that the Associa- 
tion had that morning received a telegram Arom Paris stating that our 
distinguished guest had been awarded the grand prize at the Exposition 
for one of the most wonderful inventions of the age. 

The President appointed the following gentlemen a committee to 
prepare a Eulogy on the late Joseph Henrt, a Past President of the 
Association : 

Prof. Simon Newcomb, of Washington. 
Prof. S. F. Baird, of Washington. 
Prof. A. M. Mayer, of Hoboken. 

The General Secretary read the following communication : — 

St. Louis, Aug. 22nd, 1878. 
F. W. Putnam, Esq., 

Permanent Secretary, A, A. A. 8, 

Dear Sir: — We take pleasure in extending to the members of the 
American Association for the Advancement of Science a cordial invitation 
to avail themselves of the privileges of the St. Louis Public School 
Library and Reading Room. 

It may be of interest to announce in this connection that the library of 
the St. Louis Academy of Science is in our custody. 

Very Respectfully, 

T. B. RODGBRS, 

Fred. M. Crundbn, Librarian, Vice PreHdent, 
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Announcement was made that the titles of ninety-one papers had been 
received to date. 

Seventeen persons were then nominated bj recommendation of the 
Standing CoMMrrrEB, and dnly elated. 

The General Session then adjourned to meet in sections. 

Monday, August 2Uh. The Fourth Day's Session was held in the Chapel 
of the University, beginning at 10.15 a. m., President Marsh in the 
Chair. 

The General Secretary read the following recommendation of the 
Standing Combottee: — 

Hesolved, That a complete set of the Proceedings of the Association be 
presented to the Library of Washington University, also that the Academy 
of Sciences, the Public School and the Mercantile Libraries be furnished 
with missing volumes of the Proceedings so far as possible. 

Adopted. 

The President presented an Informal report on behalf of the Committee 
to memorialize Congress in relation to the Yellowstone National Park. 
On motion the Committee was continued and Mr. Clarence King was 
appointed to fill the vacancy in the Committee. 

The President also appointed Mr. J. W. Osborne to fill the vacancy 
in the Committee on the relation of Science to the Industrial Arts. 

Prof. Robert H. Thurston, Chairman of said Committee, read the 
following communication from Mr. O. Chanute : — 

New York, August 17, 1878. 
R. H. Thurston, Esq., 

Dear Sir: — I have received your favor of 6th inst., stating that I am 
a member of a committee of thQ American Association for the Advance- 
ment of Science (of which you are Chairman), " On the relations of Science 
to the Industrial Arts" and asking me to fhmish such paper or memorandum 
falling within the scope of the resolution as I may deem desirable to 
present. 

I regret not to have known sooner that I had been appointed on this 
committee, in order that I might have had more time to think of the 
subject. 

Only one suggestion now occurs to me. It ipay conveniently be divided 
under three heads : — 

1. That the committee invite, by circular, communications from leading 
manufacturers, heads of public works, managers of mines, engineers, 
agriculturists, or business men, concerning the scientific problems or 
questions which may have arisen in the pursuit of their avocations, and 
suggestions as to the subjects or. points upon which they may deem that 

^there exists a lack of scientific investigation or elucidation. 

2. That from this, or similar information otherwise obtained, the com- 
mittee shall annually publish a list of subjects pertaining to the application 
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of science to the indastrial arts, npon which it shall invite papers from 
the members of the Association. I foncy that a list of this kind might be 
made at once by the committee, as a beginning for this year. 

8. That either the committee or the Association issue an address to 
such of oar wealthy m^n as are interested in science, suggesting the 
endowment of a number of prizes or medals, to be designated by the 
name of the donor, to be annually offered, under proper restrictions, to 
the authors of the best papers upon the particular class of subjects which 
they may designate. I believe that eight or ten endowments of 91000 to 
$2000 each, the revenue ftrom which should be publicly bestowed in 
prizes, would prove a sufficient inducement to lead to the careful prepara- 
tion of papers, and that the method of designating certain subjects as 
requiring investigation or elucidation may well prove a valuable supple- 
ment to the present system of inviting voluntary contributions. 

Tours respectftiUy, O. Chanxtte. 

After sundry announcements by the General Secretart relative to a 
drive through the Parks of the City, the Association proceeded to the 
election of Fellows recommended by the Standing Committee. 

The President appointed Messrs. Michelson and Chauvenet tellers ; 
ballotft were cast, and teller Michelson announced that all the persons 
recommended had been elected, as foUows : — 

Prof. Stephen Alexander, Princeton, N. J. 

Dr. Emil Bessbls, Smithsonian Inst., Washington, D. C. 

Prof. Lewis iBoss, Director Dudley Observatory, Albany, N. Y. 

Wm. M. Canbt, Wilmington, Del. 

Dr. Thos. a. Edison, Menlo Park, N. J. 

Prof. Chas. F. Hastings, Johns Hopkins Univ., Baltimore, Md. 

Dr. George J. Engelmann, St. Louis. 

Prof. Joseph Fickun, Columbia, Mo. 

Prof. Wm. Harkness, U. S. Observatory, Washington, D. C. 

Clarence King, U. S. Geolog. Expl. 40th Parallel, New York. 

Prof. Benj. F. Mudgb, Manhattan, Kansas. 

Mrs. Ellen S. Richards, Mass. Inst. Technology, Boston, Mass. 

Prof. John K. Bees, Washington University, St. Louis, Mo. 

Miss Emily A. Smith, State Entomologist, Peoria, 111. 

Prof. J. E. Willet, Mercer University, Macon, Ga. 

Dr. Theodore G. Wormlet, University of Pa., Phlla., Pa. 

The Association then elected 107 persons to membership, including all 
the members of the Local Committee, all formalities being waived in 
favor of the latter. 

The President announced a meeting of the Standing Committee for 
7.80 p. M. at Room No. 166, Lindell Hotel, and a meeting of the Nominating 
Committee at 8.S0 p. m. In Room No. 22 In the same building. 

The President announced the appointment of the following persons on 
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the Committee to obtain Permanent Funds for the Association, and to 
advise with Treasurer and Permanent Secretary on financial matters : — 

Prof. Wiluam B. Boobrs, of Boston. 
Prof. J. Lawrence Smith, of Louisville. 
Hon. Lewis H. Morgan, of Rochester. 
Prof. Alexander Aoassiz, of Cambridge. 
Prof. Robert H. Thurston, of Hoboken. 

Adjourned to meet in sections. 

Tuesday i August 2Uh, The Fifth Day's Session was opened at 10 a. m. 
in the Chapel of Washington University, President Marsh in the Chair. 

The General Secretary stated that the Local Committee had requested 
him to announce, in reference to the excursion to Cahokia Mound the 
next afternoon, that those who intended participating in the Cahokia 
excursion were to assemble at the Lindell Hotel at 1.80 p. m., to be con- 
veyed to the train which would start at 2 p. m. The party would return 
in ample time to take the Colorado excursion, which would leave at 
9.20 p. M. at Union Depot. He also said that there had been much delay 
in giving names for the Colorado excursion, which Dr. Taussig desired 
rectified by prompt application to-day. 

The following resolution, presented by Mr. £ B. Elliott and recom- 
mended by the Standing Cobimittee, was read by the General 
Secretary : — 

Besolvedy That the Congress of the United States be respectflilly re- 
quested to take such steps as may seem advisable to secure a proper 
cooperation between the general government and the several state gov- 
ernments of the « United States, to establish a common, efficient and 
uniform system for the registration of births, deaths and marriages. 

Adopted. 

Dr. H. C. Bolton introduced the following resolution, recommended by 
the Standing Committee : — 

Besolvedi That a committee of five be appointed by the Chair, to be 
styled a committee on membership, the President, General Secretary and 
Permanent Secretary to be members ex-offlcio. It shall be the duty of 
said Committee through systematic eflbrt to increase the membership of 
the Association, by presenting to the Standing Committee the names of 
persons interested in the advancement of science. 

President Marsh said that at present the question of membership was 
left largely to the care of personal ft-iends, and members* names were 
generally presented only during the meeting, but by appointing a com- 
mittee which can receive names during the whole year, from all quarters 
of America^it was believed that the efficiency of the Association might be 
increased, its numbers at the meetings augmented, and its financial basis 
secured. 
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The resolation was adopted, and the Chair appointed the following 
gentlemen as the Committee * — 

Prof. J. S. Newberry, Colambia College, New York. 
Prof. Simon NswcoBfB, Washington. 
Prof. Wiluah B. Rogers, Boston. 
Prof. James D. Dana, New Haven. 
Prof. J. Lawrence Smfth, Lonisville. 

A member suggested that the appointment of the Committee and its 
object should be made pnblic. President Marsh said the Committee 
would take the necessary steps to bring it before the public, and that it 
had already been suggested that circulars be issued. 

The Permanent Secretary announced that a copy of '* Pictorial St. 
Louis *' had been presented to the Association by Mr. A. H. St. John. The 
letter of the donor was read, in which he said the Members of the Associ- 
ation, in glancing over its pages, would be reminded of a hotter place than 
Boston. 

President Marsh accepted the gift on behalf of the Association, and 
said it would be fUlly appreciated. 

President Marsh stated that the Nominating Committee had met on 
Monday evening, and after due consideration had unanimously reported 
the names of the following gentlemen for general officers of the Associa- 
tion for the ensuing year : — 

President^— Prof. George F. Barker, of Philadelphia. 
Vice President, Section A, — Prof. S. P. Langley, of Alleghany. 
Vice President, Section B, — Major J. W. Powell, of Washington. 
General Secretary,— -Dr. George Little, of Atlanta. 
Secretary of Section A, — Prof. John K. Rbbs, of St. Louis. 
Secretary of Section B, — Prof. A. G. Wetherby, of Cincinnati. 
Treasurer,— ^M,. S. Vaux, of Philadelphia. 
Auditing Committee,— Dr. Henry Wheatland, of Salem. 

Thomas Meehan, of Philadelphia. 

Prof. Marsh said that the Permanent Secretary was elected for five 
years, and still had a year to serve ; the election of that officer is to take 
place at the next meeting. 

On motion, the report of the Committee was unanimously accepted, and 
President Marsh was authorized by the meeting to cast the ballot of the 
Association for the nominees, which he did, and they were declared 
elected. 

The General Secretary announced that the following gentlemen were 
elected Chairmen of the respective subsections : — 

Chairman of Subsection of Chemistry, — Prof. Ira Remsen, of 
Baltimore. ^ 

Chairman of Subsection of Microscopy, — Prof. Edw. W. Morley, 
of Hudson, Ohio. 



* 
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President Marsh said that the Nomioating Committee had given carefUl 
consideration to the question of the next place of meeting. They had 
received an enthusiastic invitation from Cincinnati. Invitations had also 
been received Arom St. Paul, San Francisco, Rochester and Boston. 
The Committee were, however, of the opinion that the next meeting 
should be held at Saratoga on the last Wednesday (27th) of August. 

A vote being taken, the recommendation of the Committee was unani« 
mously adopted. 

The following resolution recommended by the Standing Committeb 
was adopted : — 

Besolved, That the thanks of the Association are hereby tendered to 
the mayor, citizens and institutions of Cincinnati, for honoring the 
Association with several most cordial invitations to hold a meeting in that 
city, and that it entertains the hope of holding a meeting there at no dis- 
tant day. 

Thirteen additional persons were recommended by the Standing Com- 
mittee and elected to membership in the Association. 
Adjourned to meet at 8 p. m. 

The Evening Session was opened at 8 o'clock, in the Chapel of the 
University, President Marsh in the Chair. 

The General Secretary announced the arrangements for the excursion 
to the Silver Reduction Works at Cheltenham. 

A communication was received and read fh)m A. A. E. Taylor, Chair- 
man of the Committee of entertainment of the. Ohio State Archseological 
Association, announcing the meeting of the society at Worcester, Ohio, 
on the 3d, 4th, and 5th of September, and inviting members of the Scien- 
tific Association to attend. 

Resolutions being in order, the following votes of thanks were intro- 
duced, and appropriate remarks made by the movers. 

By Vice President Robert H. Thurston : — 

JSesolvedj That the thanks of the Association are hereby tendered to his 
Honor, the mayor, and other officers of the municipal government of St. 
Louis, for the hearty welcome and encouragement which we have received 
A*om them at this session of the American Association for the Advance- 
ment of Science. 

By Prof. F. W. Clarke : — 

Besolved, That the thanks of the American Association for the Advance- 
ment of Science be extended to the Chancellor and Trustees of the 
Washington University for the use of the University buildings during the 
St. Louis meeting. 

By Major J. W. Powell : — 

Besolved, That we heartily thank the citizens of St. Louis and their 
representatives on the Local Committee, and especially Messrs. W. H. 
Pulsifer, Judge Charles Speck, Dr. George J. Engelmann, W. T. Harris, 
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George BalD» J. B. Shepley, Dr. Enno Sander, Judge H. W. Jones and 
Jno. N. Dyer, for their untiring exertion in behalf of the Association, 
both before and during its meetings. 

. By Dr. George LmxE : — 

« 
Sesolved, That our sincere thanks are due the St. Louis Academy of 

Sciences, for the courtesy and kindness shown us by its members during 

the present meetings ; and that we hereby express our high appreciation 

of the value of their labors, not only to the city in which they live, but to 

the cause of iscience at large. 

By Dr. Geo. F. Barker : — 

Sesolved, That Dr. Wm. Taussig, of St. Louis, is especially entitled to 
onr gratitude, for his unremitting labors as Chairman of the Transporta- 
tion Committee ; and that we hereby collectively and individually recog- 
nize the fact that to him we owe much of the success of our l^t. Louis 
meeting. 

By Dr. B. H. Ward : — 

Besolved, That we heartily thank Professor John E. Bees, Local Secre- 
tary, for the deep interest he has taken in the welfare of the Association, 
and for his untiring and successful eflbrts in its behalf. 

By Mr. B. B. Elliott : — 

Besolved, That we hereby express our thanks to the Hon. Thomas 
Allen, President of the St. Louis, Iron Mt. and Southern B. B., for the use of 
the excursion train to Iron Mt. and Pilot Knob ; and also to A. W. Soper, 
Esq., Sup't of the B. B., for his extreme kindness and excellent arrange- 
ments on the trip. 

By Dr. E. A. Dalrtmflb :— 

Besolved, That the cordial thanks of the Association be, and are hereby, 
returned to the officers of the Mercantile Library, and to the authorities 
of the Public School Library of St. Louis, for their consideration and 
courtesy in so liberally extending to our members the use of their Libraries 
and apartments during our meeting. 

By Prof. C. V. Bilet :— 

Besolvedy That we warmly thank Mr. Henry Shaw for his kind attention 
in showing the Association the many beauties of his famous garden. 

By Mr. J. W. Osborne : — 

Besolved, That we hereby express our thanks to Eben Bichards, Esq., 
for his kindness and care in arranging our excursion on the river, and our 
"^isit to the St. Louis Water Works. 

By Prof. F. W. Putnam :— 

Be9olvedi That in anticipation of an interesting excursion tomorrow, 



BEPORT OF TRS OENEBAL 8SCBETABT. &$$ 

we tender oor thanks to the Vandalia B. B. and the St. Louis Bridge and 
Transfer Companies, for their offer to convey those of us who wish to Join 
the excarsion to and Arom Cahokia Monnd, and to Messrs. A. J. Conant, 
I*. F. Hilder, and other members of the Local Committee, for the arrange- 
ments made, enabling ns to visit the largest of the ancient mounds within 
the limits of the United States. 

By Mr. Thos. Bassnett : — 

Sesolved, That our sincere thanks are due to Col. B. C. Clowry, Supt. 
of the Western Union Telegraph Co., for his generous services to the 
Association in connection with the telegraph. 

By Prof. J. M. Sapford : — 

Besplvedy That a vote of thanks be extended to the St. Louis Transfer 
Company for its very great liberality towards the members of the Asso- 
ciation. 

By Dr. J. B. Walker :— 

Besolved, That the Adams, American, United States, Union Pacific, and 
Wells' and Fargo's Express Companies, are all entitled to our gratitude 
for the assistance they have rendered to our members in the free trans- 
portation of apparatus and specimens. 

By Mr. Arthur H. Elliott :— 

JResolvedf That we *are deeply indebted to the managers of the Silver 
Beduction Works, and to tl^e Missouri Pacific B. B., for their kindness in 
arranging an excursion to the said works. 

By Prof. Isaac E. Hasbrouck : — 

Besolvedj That this Association hereby tenders hearty thanks to the 
Pullman, Woodruff and Wagner Sleeping Car Companies, for their very 
great liberality in affording accommodations to members of the Association. 

Mr. J. S. Paryin, of Iowa City, made some remarks thanking the 
Association for coming to St. Louis. 

Prof. Bobkrt H. Thurston presented, a resolution of thanks to the 
gentlemen of the Press. 

Mr. W. H. H. BussEL and Dr. Walker made additional remarks. 

President Marsh then congratulated the people of St. Louis on the 
success of the meeting, which had depended largely on their harmonious 
cooperation, and declared the Association a^oumed until 10 o'clock ▲. m., 
August 27, 1879, at Saratoga, N. T. 

H. Carrinoton Bolton, 

General Secretary, 
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Life Membership commutation 

Beceived from Treasurer, balance due Perm. Sec*y 





Cr. 


279 00 


1ST7-78. 


1,755 00 




462 00 




6 00 




5 00 




795 00 




10 00 




58 00 






3,370 00 
852 40 






100 00 




2 00 




50 00 




1,714 11 



$5,588 51 



the same is correctly cast and properly Touched. 

HEincT Wheatland, Auditor, 



